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THE EVOLUTION OF THE SCORPION-FLIES AND 
THEIR DERIVATIVES 


(Order Mecoptera) 


R. J. TILLYARD, 
Division of Economic Entomology, Council for Scientific 
and Industrial Research for Australia, 
Canberra, F. C. T., Australia. 


Recent discoveries in fossil insects have served to bring 
into considerable prominence the small and previously greatly 
neglected Order Mecoptera, or Scorpion-flies. At the present 
time, this Order is one of the smallest of all insect Orders, less 
than 200 species having been described from all parts of the 
world. Fossil representatives of the Order have long been 
known from the Liassic and Upper Jurassic of Europe; but it 
was not until 1916 that I described the first Triassic form 
(Tillyard, 1916). This was followed in 1918 (Tillyard, 1918) 
by the description of the first Upper Permian form, and in 1926 
(Tillyard, 1926a) by the account of the Lower Permian 
Mecoptera from Kansas. Since that time, valuable papers 
have been published by Martynov (1927, 1928, 1930) describing 
Mecoptera from the Upper Permian and Jurassic of various 
parts of Russia, Turkestan and Siberia, and by F. M. Carpenter 
(1930) on the Lower Permian fauna of Kansas, while I have 
added further records from the Upper Permian and Upper 
Trias of Australia (Tillyard, 1917, 1919a, 1919), 1926b) and 
have also, quite recently, revised the rich Liassic material in 
the British Museum in a paper which should be in print shortly 
before this (Tillyard,. 1933). I have also (Tillyard, 1926a, 
p. 161) indicated the reasons for considering Metropator pusillus 
Handl. to be a true member of the Order Mecoptera, although 
this wing is one of the eight oldest known fossil insect wings yet 
discovered, its age being Lower Upper Carboniferous (Lower 
Pottsville Series). 
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With such a wealth of material available, the time is oppor- 
tune for a general survey of the evolution of the Order 
Mecoptera and its derivatives. The object of this paper is to 
present as complete a history of these insects as our present 
knowledge will allow. 


ORIGIN OF PANORPOID COMPLEX 


Table I (p. 18) sets out a complete list of the Suborders, families, 
genera and numbers of species of the Order Mecoptera so far recorded in 
Palaeozoic and Mesozoic strata. These fall into three Suborders, nine 
families, 27 genera and 101 species. As the Tertiary fossils, with one 
exception, belong to recent genera, they are omitted from consideration. 
We note that, in spite of the fragmentary nature of the fossil record, 
more fossil families and genera are known than recent ones; indeed, with 
the possible exception of the Cockroaches (Blattoidea) the fossil record 
of the Mecoptera is richer in comparison with recent forms than that of 
any other Order. 

The evolutionary history of the Mecoptera is intimately bound up 
with that of the Insecta Holometabola. I have already given reasons 
why I consider Metropator to belong to the Mecoptera and I think that 
anyone who takes the trouble to compare this wing with that of 
Protochorista, from the Lower Permian of Kansas, can have little doubt 
that the two are related. But, even if we leave Metropator out of 
account, we find that the Mecoptera share with the Neuroptera the 
distinction of being the oldest Order of Holometabolous Insects. Com- 
paratively little is known of the origin of the Coleoptera, which occur 
first in the Upper Permian, or the Hymenoptera, of which true rep- 
resentatives are first found in the Jurassic, so these Orders must be left 
out of the discussion, together with the Strepsiptera, which are only a 
highly specialized offshoot of the Coleoptera. The other Holometabolous 
Orders all group themselves around the Mecoptera as a central figure, 
justifying the name which I originally gave to them (Tillyard, 1918 
1919) as the ‘‘ Panorpoid Complex.” 

Starting, then, with the Lower Permian fauna, we find that in the 
Kansas beds only two undoubtedly Holometabolous Orders were 
represented, viz., the Neuroptera and the Mecoptera. All three 
Suborders of the Neuroptera are represented: the Raphidioidea by the 
genus Permoraphidia, the Planipennia by the genus Permoberotha and 
the Sialoidea by three genera, Martynovia Till., Martynoviella Till. and 
Choristosialis Till. All these types agree in possessing the complete 
series of costal cross-veins so characteristic of the Neuroptera as an 
Order in general, but otherwise they give us a definite impression of 
having made considerable progress along diverse lines of specialization. 
The most generalized type appears to be the Sialoid genus Choristosialis, 
which, unfortunately, is not a complete wing, and which might almost 
with equal reason be placed within the Suborder Protomecoptera of the 
Order Mecoptera. 

The Mecoptera, on the other hand, are represented by the two 
principal Suborders, Protomecoptera and Eumecoptera; but, whereas 
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the former include only a single genus and species, Platychorista venosa 
Till., the latter appear to be already the dominant group of Holo- 
metabola in the Lower Permian and include no less than six genera 
grouped in two families (including both A getopanorpa Carp. and Litho- 
panorpa Carp. in the Permochoristidae, though Carpenter erects 
separate families for them both). 

The nearest approach, then between the Neuroptera and Mecoptera 
in Lower Permian times lies between the Sialoidea on the one hand, 
and more particularly the genus Choristosialis, and the Protomecoptera 
on the other. These latter possess in common with the Neuroptera 
the characters of a complete series of costal veinlets and a distally 
branched Cu; (at any rate in some of the forms). Thus it is a fairly 
reasonable surmise that the Holometabola, or at any rate the Panorpoid 
Complex, arose from the common ancestor, still unknown, of the two 
Orders Neuroptera and Mecoptera, and that probably the Sialoids 
have departed less from that common ancestral type than any other 
known groups in either Order. 

I propose now to pass over the later history of the Neuroptera, as 
being outside the actual scope of this paper, and to follow up the 
evolution of the Scorpion-flies themselves from the Lower Permian 
onwards. 


SUBORDER PROTOMECOPTERA 


The history of the Protomecoptera is a very simple one. So far 
as the fossil record goes, at no geological period do we know of the 
existence of more than a single genus and species. Platychorista itself, 
though in some ways a generalized type, cannot be the actual ancestor 
of any of the known later forms, and each of these in turn appears to be 
a specialized side-branch not giving origin to any other. This would 
indicate that never at any time in the world’s history did this ancient 
group do much more than hold on. At the present day, it contains 
only three widely separated genera, Notiothauma in Chile, Austro- 
merope in Western Australia and Merope (Fig. 1) in the eastern United 
States, all of which have the marks of being very ancient survivals. 
Unfortunately, nothing is known about the life-history of any of them. 


SUBORDER EUMECOPTERA 


We turn, therefore, to the Eumecoptera as the main stem of the 
Order. Leaving aside Anormochorista Till. as an obviously specialized 
side-branch which has left no descendants, we find in the Lower Permian 
the group of five genera already referred to, which I have here included 
within the family Permochoristidae. Originally, I placed the genera 
Permopanorpa, Protopanorpa and Protochorista in the family Per- 
mopanorpidae, considering them as distinct from the Australian forms 
from the Upper Permian which I had previously described. Later 
(1930) F. M. Carpenter added the genera Lithopanorpa and Ageto- 
panorpa, founding a new family for each. Meanwhile Martynov 
(1928, p. 99) had recognized the supposed Mantoid genus Petromantis 
Handl., from the Upper Permian of Russia, to be a true Mecopteron, 
and had added two more species to the same genus, besides describing 
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another genus Kamopanorpa (1. c., p. 101), placing them all in my 
family Permopanorpidae. Two years later (1930, p. 180) the same 
author described another species of Petromantis and three species 
belonging to a new genus Petrochorista, all from the Upper Permian 
of Russia, thus proving that this group was well represented in the 
Northern Hemisphere in Upper Permian times, as well as in Australia. 
Further, he merges my Upper Permian family Permochoristidae with 


pt Ri Roe 





= =, My, 

Cu; Map 

Fic. 1. Wings of Merope tuber Newm. Order Mecoptera, Suborder Proto- 
mecoptera, Family Meropidae. Recent, North America. Comstock-Need- 
ham Notation. pt, pterostigma; /, tubercle of forewing. From Comstock’s 
‘“‘Wings of Insects,’’ 1918, fig. 317. 


my Lower Permian family Permopanorpidae, a proceeding with which 
I fully agree, since the more our knowledge of these two groups increases, 
the more closely similar do they appear. 

Carpenter (1930, p. 97) had already indicated the close relationship 
existing between his genus Agetopanorpa and the Russian genera 
Petromantis and Kamopanorpa; but he considered that these forms 
should be removed to a new family Agetopanorpidae on account of 
their broad wings, broad costal space and deep forkings of Sc. Martynov, 
however, (1930, p. 181) in the same year removed Handlirsch’s Petro- 
mantis rossica to my genus Permochorista, while leaving the other 
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Russian species in the genus Petromantis. This, of course, is inde- 
fensible, since P. rossica is the genotype of Petromantis by monotypy. 
I prefer to keep the two genera distinct, though they are manifestly 
very closely allied. But it serves to show that Carpenter’s family 
Agetopanorpidae is none other than the family Permochoristidae, and 
it seems evident that the narrower winged forms of the Lower Permian 
deserve at the most not more than subfamily rank within the same 
family. 

The outcome of all this is that we find, running through the whole 
of the Permian, as the then dominant group of Holometabola, a series 
of related genera of Eumecoptera of small size and characteristic 
Choristoid venation, all of which assuredly may be placed in a single 


Fic. 2. Restoration of Permopanorpa inaequalis Till. Order Mecoptera, Sub- 
order Eumecoptera, Family Permochoristidae. Lower Permian of Kansas. 
After F. M. Carpenter, 1930, pl. 4, fig. 1. 


family, Permochoristidae. This family is sufficiently well defined by 
the possession of a six-branched media in the forewing (exclusive of 
occasional short additional end-twigs as on M; in Fig. 4), while in the 
hindwing the media was either six- or five-branched. Within this 
family, in Lower Permian times, we can already recognize narrow- 
winged types (Permopanorpa, Lithopanorpa), types with wings of 
medium width (Protochorista, Protopanorpa) and broad-winged types 
(Agetopanorpa). The same is true of the Upper Permian forms, where 
the Russian genus Kamopanorpa Mart. vies with Agetopanorpa itself 
in breadth of wing. We also see that, although in most of the forms 
the cubito-median Y-vein of the forewing is well developed, yet there is 
a marked tendency for M; to be lost in the smaller types, so that Cm 
either touches M at a point, or even fuses with it for a space. This is 
well seen in the Russian genus Petrochorista Mart., where the largest 
species, P. elegantula Mart. (forewing 6.3 mm.) has a well developed 
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cubito-median Y-vein, while in P. parvula Mart. (forewing 4.7 mm.) 
Cu, is fused with M for a very short distance, and in P. minuta Mart. 
(forewing 3.5 mm.) Cm arches up and fuses with M near the base of 
the wing for a considerable distance, much as in the recent family 
Nannochoristidae. Again, in the Australian genus Permochorista Till., 
we find types with all stages of development of the cubito-median 
Y-vein down to that in which Cm touches M at a single point, (P. 
jucunda Till.) giving exactly the same X-formation at this point as can 
be found in Lithopanorpa Carp. Carpenter, however, raised this genus 
to family rank chiefly on this character. I think it is evident that 
Lithopanorpa merits at most only generic rank. 

The most perfectly known of all the Permian types of Eumecoptera 
is the Kansas species Permopanorpa inaequalis Till., of which F. M. 


Fic. 3. Wings of Chorista australis Klug. Order Mecoptera, Suborder Eumecop- 
tera, Family Choristidae. Recent, Australia. Original drawing, R. J. T., 
from a specimen in the Tillyard Collection. 


Carpenter has given a restoration (Fig. 2). This type shows already a 
combination of archaic and specialized characters in the venation, 
which prevent us from regarding it as the actual ancestor of any of the 
Upper Permian forms so far discovered. Sc is short in both wings, 
and the hindwing has already lost its cubito-median Y-vein and has 
1A and 2A fused together for a considerable length. Also the peculiar 
method of branching of the media, which has a series of three branches 
each carrying a distal fork (i. e., in the Comstock-Needham notation, 
with the extra forks on M; and M, respectively), must be regarded as 
specialized in so far as it occurs nowhere else. 

Those who are familiar with recent Mecoptera will at once recognize 
that the venation of Permopanorpa is of the same general type as that 
of the existing Australian family Choristidae (Fig. 3), but that these 
latter have the media reduced to five branches in the forewing and to 
four in the hind. We might, therefore, expect to find that the fossil 
genus exhibits other characters of a Choristid nature, viz., in the shape 
of the head, length of the rostrum and antennae, type of male 
appendages, etc. This, however, is not the case. Instead, we find 
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that Permopanorpa possessed a subglobular head-capsule somewhat 
of the type found in the Nannochoristidae, short rostrum with long, 
slender and probably five-segmented maxillary palpi, and remarkably 
short antennae with only sixteen segments, as in recent Bittacidae. 
The male genitalia, again, are not of the bulbous type found in Choris- 
tidae and Panorpidae, but closely resemble the more generalized form 
found in the Bittacidae, in which the ninth sternite is of a more normal 
form and the gonocoxites keep their ventral position and are not swollen 
up to form a bulb. The female carries, as we should expect, a pair of 
short, jointed cerci. The legs are fairly long and slender, the tarsi 
provided with short distal spurs and the tibiae having five segments 
of which the first is much the longest. 


R 
Sc ' R2 R; 


= M2 
M; 


3A 2A IA ~_o me 


Fic. 4. Forewing of Protopanorpa permiana Till. Order Mecoptera, Suborder 
Eumecoptera, Family Permochoristidae. Lower Permian of Kansas. After 
F. M. Carpenter, 1930, pl. 5, fig. 2 (shading of pterostigma omitted). 


PERMOCHORISTIDAE IN LOWER PERMIAN TIMES 


Of the Lower Permian genera of the family Permochoristidae, it 
will suffice to note that Protopanorpa (Fig. 4) has Sc much longer than 
in the previous genus; this vein has three distal branches and terminates 
quite close to the pterostigma. Only the forewing is known. The 
branching of the media is in two sets of three (i. e., extra branches on 
Mz and M,), plus a small extra branch on M;.* This type of branching 
of M is of importance in our study of evolution, as will be seen when we 
come to the Upper Permian types. The genus Protochorista, of which 
only hindwings are known, may possibly represent the hindwing of 
Protopanorpa; it has M only five-branched, the extra branch being on 
Mg, while Sc is fairly long and possesses two distal branches; the cubito- 
median Y-vein is either just disappearing by loss of M;, or quite lost 
by fusion of Cu basally with M. 

The next genus, Lithopanorpa, is obviously an offshoot of Proto- 
panorpa by reduction. It has the same type of branching of M, but 
Sc is shortened, though still possessing a distal branch, and the cubito- 
median Y-vein is reduced, by loss of M;, to the X-vein formation 
already mentioned; also the radial sector is reduced to four branches. 


*Quite possibly only an individual peculiarity. 
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The fifth genus, Agetopanorpa, is also an obvious offshoot from 
Protopanorpa by broadening of the wing and apparently also by loss 
of the free basal piece of Cu; which normally forms the lower arm of the 
Y-vein. Sc remains three-branched, but the branches are longer; the 
type of branching of M is exactly the same as in Protopanorpa, and the 
five-branched Rs is closely similar to that found in Protochorista penta- 
clada Till. 

Reviewing the above complex of genera, then, I should be inclined to 
regard Protopanorpa as the most primitive, and to derive from it 
Lithopanor pa by reduction and A getopanorpa by broadening of the wing. 
Protochorista is most probably only the hindwing of Protopanorpa, 
but this cannot be proved until a complete specimen is found. Permo- 
panorpa, the dominant genus, must have had a common origin with 
Protopanorpa, but is in advance of it in the shortened Sc. Though we 
only know the characters of the head, antennae, legs and body in the 
genus Permopanor pa, it is quite logical to assume that those of Proto- 
panorpa were not very different. 

The relationships of the Lower Permian genera of Permochoristidae 
may be exhibited as follows: 


Permopanorpa Till. ; “ 
A getopanorpa Carp. 
Protopanorpa Till. \ i 


Protochorista Till. f 


"—— Lithopanorpa Carp. 


Unknown Upper ee 


Carboniferous Ancestor { 


PERMOCHORISTIDAE IN UPPER PERMIAN TIMES 


When we come to the Upper Permian, we find the family Permo- 
choristidae spread out widely over the world and having, if not a world- 
wide, at least a Gondwanaland distribution. One group of three 
closely related genera is recorded from the Upper Permian of Russia, 
and another group of three closely related genera from Australia. 

Taking the Russian genera first, we note that all three of them have 
the media branching into two sets of three. Petromantis and Petro- 
chorista have this vein branching exactly as in the Lower Permian genus 
Protopanorpa; but Kamopanorpa (rather imperfectly preserved) appears 
to have had the extra branches on M, and M4, instead of on Mz and M4. 

Kamopanorpa has the subcosta similar to that of Protopanorpa, 
with three distal branches, all short; Rs has more than four branches, 
and the wing is distinctly widened distally. Petromantis is almost 
exactly like Agetopanorpa, but has Rs reduced to four branches and 
still keeps its cubito-median Y-vein complete. Petrochorista (Figs. 
11, 22) exhibits a series of reduction stages running parallel to 
Lithopanorpa; if we agree with Martynov that all three species placed 
by him in Petrochorista are congeneric, then it is somewhat doubtful 
whether this genus is really distinct from Lithopanorpa. For, while 
in P. elegantula the subcosta is long and the cubito-median Y-vein 
complete, we find that in P. parvula the evolution of this latter 
vein has passed just beyond the X-vein stage shown in Lithopanorpa 
pusilla, and in P. minuta it has passed far beyond it and also Sc has 
become almost as short as in Lithopanor pa! 
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Thus it is certain that both Petromantis and Petrochorista are 
descendants of the Lower Permian Protopanorpa; while Kamopanorpa, 
if not an actual descendant, must have come from very near it. 

Turning next to the Australian genera, we note that the dominant 
type, Permochorista (Fig. 5) which gives its name to the whole family, 
has very nearly the same venation as Petromantis, but is slightly more 
primitive in the narrower shape of the wing. The two-branched Sc 
is most probably a specialization from the three-branched condition 
found in Protopanorpa. Parachorista is a closely related type which 
is more primitive in the rich branching of Rs, but probably specialized 
in having a distally forked R,; it also contains much larger insects than 
Permochorista. Cladochorista is only known from a portion of a fore- 
wing in which Sc is of the type of Permochorista, but with four short 
distal branches, and Rs has a small radial cell developed. It is obviously 
closely related to Permochorista. 





1A Cu, M,, 


Cu; M3, 
Fic. 5. Forewing of Permochorista sinuata Till. Order Mecoptera, Suborder 


Eumecoptera, Family Permochoristidae. Upper Permian of New South 
Wales. Original drawing, R. J. T., from a specimen in the Tillyard Collection. 


Comparing the Australian with the Russian forms, there appears 
to be evidence of a slight but distinct divergence between the two 
groups. In the Russian group, no wing exceeds 10 mm. in length, and 
the smallest form is only 3.5 mm. long. Further, there is a distinct 
tendency in many of the forms towards broadening of the wing. In the 
Australian group, the wings are on the average much larger, ranging 
from about 7 mm. up to 30 mm., and broad forms are absent. 

The relationships of the Upper Permian genera of Permochoristidae 
may now be exhibited as follows: 


Kamopanorpa Mart. 

(Russia) Petrochorista Mart. 
(Russia) 
Protopanorpa Till. ee Hand. 

(Kansas, Lower (Russia) 
Permian) 
ee Permochorista Till. 
(Australia) 





Cladochorista Till. 
(Australia) 
Parachorista Till. 
(Australia) 
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It is necessary here to mention that small types of Eumecoptera are 
abundant in the Upper Permian beds of Warner’s Bay, N. S. W., but 
that I have not yet had an opportunity of studying them fully or 
describing them. They appear to be reduced offshoots of the Permo- 
choristidae, analogous to the Russian genus Petrochorista, but further 
advanced in evolution, so as to represent the ancestral type of the 
group which I have elsewhere (1919a) termed the Paratrichoptera. 
The relationships of this group are discussed in a separate section. It 
is also necessary to draw attention here to another interesting group, the 
Paramecoptera, (Tillyard, 1919b), which will be dealt with below. 


EVOLUTION OF THE EUMECOPTERA IN MESOZOIC TIMES 


A. In the Northern Hemisphere 


We have seen already that the family Permochoristidae was the 
dominant group of Holometabolous insects in both hemispheres in 
Upper Permian times. We now propose to follow the fate of this family 
and its descendants in the Northern Hemisphere. 

The fossil record of insects in the Trias of the Northern Hemisphere 
is extremely poor, and hence we are compelled to leave a large gap and 
to pass into the Lower Lias. Here we are surprised to find a remnant 
of the family Permochoristidae still left in the English Lias, viz., the 
genus Liassochorista Till. This is the only genus which has retained 
the six-branched media. It appears to be related to the Upper Permian 
genus Petromantis, and the form of branching of Rs closely resembles 
that of P. rossica Handl. But I do not think it can be derived directly 
from any of the known Russian genera of the Upper Permian; it should 
rather be derived from Protopanorpa or from some type not far removed 
from it. 

The main group of Eumecoptera in the Lias of the Northern Hem- 
isphere is seen to have made a definite advance in the reduction of the 
number of branches of the media to five by loss of the fork of Mz. This 
specialization removes them out of the family Permochoristidae. We 
note also a dichotomy into two very interesting lines of evolution: 

(1) The Family Orthophlebiidae, in which there is no marked 
tendency towards narrowing of the basal part of the wing, but a pecti- 
nate series of branches is developed on Rs by the addition of extra 
distal branches on Ro. 

(2) The Family Neorthophlebiidae, in which Rs retains the four- 
branched condition inherited from its Upper Permian ancestors, but 
the basal part of the wing becomes progressively narrowed. 

The most archaic genus in the family Orthophlebiidae is Protortho- 
phlebia Till., known from a single forewing in the Lower Lias of 
England. This is a comparatively small wing, about 8 mm. long, with 
only one additional distal branch on R2, making five branches in all 
for Rs. The cubito-median Y-vein is specialized by shortening of the 
upper branch (M;) and lengthening of the lower (Cm), but M; remains 
oblique in position. The stalk of M, is weakly chitinized and the distal 
piece of Cm bends slightly away from M,4b. 
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The genus Orthophlebia Westwood represents in many ways the 
highwater mark of the Eumecoptera. O. liassica Mantell (Fig. 6) 
abounds in all the Lower Liassic localities in England, and must have 
been one of the commonest insects of the period. The insect was rather 
a large one, the forewing varying from 13 to 17 mm. in length and the 
hindwing from 12 to 14 mm. The head was quite small for the size 
of the insect, but the eyes were rather large; the antennae rather short, 
with 25 to 30 segments; the rostrum not much elongated, rather broad 
and subtriangular. The thorax was very robustly built, particularly 
the mesothorax; the legs moderately long and rather slender. The 
abdomen reached to near the end of the hindwing in the position of 
rest; in the male, it tapered from base to seventh or eighth segment, 
and the appendages were moderately swollen. The wings differ from 
those of Protorthophlebia by being more elongated and by having 
additional distal branches on Ro, giving a pectinate series of four or 
five branches for R2,3 and a total of six or seven branches for Rs. All 


Se R, 
tg s----.R 


ss 


7 = ——_ 
SSE 


3A M2 


2A ~— 
1A Cu; M; 


Fic. 6. Forewing of Orthophlebia liassica (Mant.). Order Mecoptera, Suborder 
Eumecoptera, Family Orthophlebiidae. Lower Lias of England. hv, humeral 
veinlet, M@;, upper arm of cubito-median Y-vein; mcu, medio-cubital cross-vein; 
t, thyridium. Original drawing, R. J. T., from a specimen in the British 
Museum. 


trace of the original formation of the cubito-median Y-vein is lost, 
owing to M; having assumed an absolutely transverse position and thus 
coming to resemble a cross-vein placed above Cm at a considerable 
distance from its origin. The weakness of the basal parts of Ms, 
Ma and M,b becomes further accentuated, so much so that we can now 
recognize an extensive thyridial area in that region. M,b is bent almost 
at right-angles not far from its origin, and is connected with Cm by a 
weakly formed cross-vein in an oblique position, the medio-cubital 
cross-vein (Fig. 6, mcu). At the point where mcu meets it, Cm is slightly 
bent, and its distal portion is slightly concave to M. These points in 
the venation are of great interest when we come to follow out the further 
evolution of the group. 

Martynov has recorded a species, Orthophlebia grandis from Turke- 
stan, which had a forewing 35 mm. long. This fine insect, with an 
expanse of over 3 inches, shares with Archipanorpa magnifica of the 
Upper Trias of Queensland the distinction of being the largest Scorpion- 
fly known to have existed. 
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The genus Orthophlebia continued into the Upper Lias, but on the 
whole declined in size and importance. It gradually gave way to a 
newer and somewhat more reduced type, Mesopanorpa Handl., in which 
the rostrum and antennae were further lengthened and the pectinate 
branching of Roi; began to retrogress. In Orthophlebia, the fork of 
Ro.3 arises not far from the primary fork of Rs, at about the same level 
as the fork of Rs;;. In Mesopanorpa, it arises at a level distinctly 
distad from that of the latter, and the number of branches begins to 
get less. 


Fic. 7. Wings of Panorpa communis Linn. Order Mecoptera, Suborder Eumecop- 
tera, Family Panorpidae. Recent, Europe. Thyridial area around fork of 
M indicated by dotted lines. 


Recent Panorpidae are undoubtedly the direct descendants of 
Orthophlebiidae. The genus Panorpa itself (Fig. 7), now the dominant 
type of Mecoptera in the Northern Hemisphere, is certainly directly 
derived from Mesopanorpa, from which it differs chiefly in its larger 
eyes, slightly longer antennae, more specialized abdomen in the male, 
and in a few venational details. In Mesopanorpa, the cross-veins are 
weaker and less definitely arranged than in Panorpa; but the recent 
genus Panorpodes more resembles Mesopanorpa in thisregard. Panorpa, 
like Mesopanorpa, has a five-branched Rs, but the branches of Rox; 
have moved somewhat further distad and the most distal one is very 
short. In Panorpodes, Rs is only four-branched, and there can be little 
doubt that this condition is not primitive, but represents the end-term 
of a reduction from the Orthophlebia condition of its ancestor. For, be 
it noted, the Permochoristid ancestors of the whole of this group, in 
the Upper Permian, possessed equally deep forks on R43 and R445; the 
deep fork on Re43 is retained in the Orthophlebiidae while the extra 
pectinate branches are being added; and it is only towards the end of the 
evolutionary series that the whole series begins to move distad, so that 
the original primary fork of Re; comes to lie at last at a level far distad 
from that of Ras, as it does in recent Panorpidae, including Panor podes. 
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In the family Neorthophlebiidae, the most archaic genus is 
Neorthophlebia Handl., which differs from Orthophlebia chiefly in the 
greatly shortened Sc, the four-branched Rs and the somewhat narrowed 
basal part of the wing, with apparent loss of at least one anal vein. 
This genus, however, belongs to the Upper Lias of Germany, and does 
not appear to have given origin to any recent forms. In the Lower 
Lias of England, there is found a more interesting form, Protobittacus 
Till. (Fig. 8) in which the basal part of the wing is much more narrowed 
than in Neorthophlebia, but the condition of the media is more primitive 
(much longer M,b), and Sc is not much shortened. This genus is 


1A Cuz Cu; 


Fic. 8. Forewing of Protobittacus liassicus Till. Order Mecoptera, Suborder 
Eumecoptera, Family Neorthophlebiidae. Lower Lias of England. After 
Tillyard, 1933, p. 50, fig. 18A. 


1A Cur 
Fic. 9. Forewing of Harpobittacus tillyardi E. P. Order Mecoptera, Suborder 
Eumecoptera, Family Bittacidae. Recent, Australia. Original drawing, 

R. J. T., from specimen in the Tillyard Collection. 


undoubtedly the direct ancestor of the modern Bittacidae (Fig. 9), and 
is connected with them by way of the genus Probittacus Mart., from 
the Upper Jurassic. Both genera possess the remarkably specialized 
type of pterostigma found in the Bittacidae, but Probittacus is far in 
advance of Protobittacus in other respects, notably in the strong develop- 
ment of the distal cross-veins, with zig-zagging of the main veins 
between them, and in the transverse position of the basal free piece of 
Cu, which remains long and oblique in Protobittacus. In fact, we can 
say definitely that Probittacus is really a true Bittacid in all venational 
characters except the possession of a five-branched M, and we see that it 
bears almost exactly the same relationship to Bittacus that Mesopanorpa 
bears to Panorpa. 

We have now traced out the evolution of the two most important 
families of Mecoptera in the Northern Hemisphere. There remain 
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only for consideration the small family of flightless forms, Boreidae. 
There is, of course, no direct fossil evidence of the actual line of descent 
of this group. But it shows relationships to the Panorpidae in the form 
of the head and antennae, and to the Bittacidae in the form of the male 
appendages. The Boreidae are best regarded as an independent offshoot 
of one of the smaller and more specialized types of Permochoristidae, 
and may be placed in the evolutionary series between the Panorpidae 
and the Bittacidae. 

We can exhibit the evolution of the Eumecoptera in the Northern 
Hemisphere through Mesozoic to recent times as follows: 


__ Liassochorista Till. 
Petromantis Mart. -- Protorthophlebia—Orthophlebia— Mesopanorpa — Panorpidae 
(Upper Permian) Till. Westwd. Handl. 
? Boreidae 


Protobittacus — Protobittacus — Bittacidae 
Neorthophlebia Till. Mart. 
Handl. 


B. In the Southern Hemisphere 


The history of the Eumecoptera of the Southern Hemisphere during 
Mesozoic times is one of very slow, gradual change, involving only 
slight venational reductions. The Permochoristidae, so abundant in 
the Upper Permian of Australia, persisted with very little change as far 
as the Upper Trias, where the genus Mesochorista Till. replaces its 
ancestral type Permochorista Till., to which it is very closely allied. 
Another Upper Triassic genus, Stereochorista Till., is clearly a specialized 
side-branch from the main stem, but is best left within the family 
Permochoristidae until a more perfect wing can be found. These are 
the only two types of Upper Triassic Mecoptera so far found in 
Australia. 

From the Upper Trias onwards, the record is lost. Nevertheless, 
the differences in venation between the recent Australian family 
Choristidae (Fig. 3) and such genera as Permochorista and Mesochorista 
enable us to state with certainty that the recent Australian forms are 
the direct descendants of these genera. The changes involved are not 
as great as in the case of the evolution of the Panorpidae from the 
Russian forms of Permochoristidae; for, in the Choristidae, there is 
much less lengthening of the rostrum, less specialization of the abdomen 
in the male, and, in the venation, never at any time an attempt at the 
formation of a pectinate series of branches on Rs. Further, the 
Choristidae retain, even today, a five-branched media in the forewing, 
though this vein is reduced to four branches in the hindwing. Thus 
the principal changes that have taken place were as follows: gradual 
lengthening of the antennae; slight lengthening of the rostrum with some 
specialization and reduction of the palpi (particularly in the males); 
formation of the bulbous type of male genitalia without any particular 
lengthening of abdominal segments in the male; reduction of the number 
of branches in the media from six to five in the forewing and from five 
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to four in the hindwing; more or less definite advance in the formation 
of the cross-vein system; loss of the cubito-median Y-vein. 

We see that, judged by the important character of the number of 
branches of M, the Australian family Choristidae (Fig. 3) is still in what 
we may Call the ‘‘ Mesozoic stage,” i. e., at a stage in venational develop- 
ment analogous to the Orthophlebiidae and Neorthophlebtidae of 
the Northern Hemisphere in Mesozoic times. No other Eumecoptera 
now exist in which M is five-branched in the forewing! Further, it is 
of great interest to note that Chorista australis Klug still lives in the 
shadier parts of the bush around Newcastle and Lake Macquarie, and 
may be taken in April flying over the very spots where, only a yard or 
so down in the Upper Permian strata which lie horizontal just beneath 
the subsoil, numerous wings of the genus Permochorista have been, and 
are still being, found. 





Cur M, M; M2 


Fic. 10. Wings of Nannochorista dipteroides Till. Order Mecoptera, Suborder 
Eumecoptera, Family Nannochoristidae. Recent, Tasmania. Original draw- 
ing, R. J. T., from specimen in the Tillyard Collection. 


The other family of Eumecoptera found in the Southern Hemisphere 
is the Nannochoristidae, now recorded from Australia, Tasmania, New 
Zealand and Southern Chile. I have little doubt that we shall discover 
the ancestors of this family amongst the numerous remains of small 
Mecoptera already gathered from the Upper Permian of Warner’s Bay, 
N.S. W., but unfortunately not yet worked out. Meanwhile, we may 
profitably compare the genus Choristella Till. (Fig. 10) with the most 
reduced of the Russian Upper Permian types, Petrochorista minuta 
Mart. (Fig. 11), when we shall note at once the parallel lines of evolution 
of the fusion between media and cubitus, whereby, in both types, M 
appears finally to arise as an anterior branch from Cm. Choristella is 
well in advance of Petrochorista minuta in the much more definite 
formation of the radial (rc) and median (mc) cells, in the loss of one 
branch of Ro.;, in the formation of a closed cell between Ri.; and Mii», 
and in the formation of Sc ending on R;. Nevertheless, we must note 
that some of the species of Nannochorista have Sc normal and R, distally 
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forked at the pterostigma, (as in P. minuta), though at the same time 
this genus is in advance of Choristella in having an extra cell formed 
between R; and R;. 


Se 










me . 

a me / 

2A mS 

Cup : 
Cu; M, M; 

Fic. 11. Forewing of Ptrochorista minuta Mart. Order Mecoptera, Suborder 
Eumecoptera, Family Permochoristidae. Upper Permian of Russia. After 
Martynov, 1930, p. 186, fig. 24, with labels of veins added. mc, median cell; 
rc, radial cell. 


Apart from their venation, the Nannochoristidae are of interest in 
having retained the subglobular type of head-capsule found in the 
Lower Permian forms, together with the long, slender, five-segmented 
maxillary palpi. There is only a slight development of the rostrum 
and the mandibles are only moderately elongated. On the other hand, 
the labial palpi are specialized and appear to indicate the line along 
which the Dipterous labellum must have evolved; also the male append- 
ages are of the bulbous type. It is reasonable to assume that the 
Permian forms possessed a much more primitive type of labium and 
we know that they possessed male appendages more resembling the 
Bittacid type. 

The evolution of the Eumecoptera of the Southern Hemisphere 
during Mesozoic and Tertiary times may be represented as follows: 


Stereochorista Till. 





(U. Trias) 
Permochorista Till. ————— Mesochorista Till-———— Choristidae 
\ (Upper Permian) (U. Trias) 


Australian type 
resembling 
Petrochorista minuta Mart. ——____________ Nannno cho rris tidae 
(Upper Permian) 


THE PARAMECOPTERA 
(Fig. 12) 

Having now completed our survey of those fossil genera which 
can be classed as genuine Eumecoptera, we next turn our attention 
to the various evolutionary side-lines which arose either with them 
or directly from them, but which, through the development of new 
characters, particularly in the venation, cannot be classed as Eume- 
coptera. Of these, the most primitive group appears to be The 
Paramecoptera, consisting of two genera, Belmontia Till. and Para- 
belmontia Till. (Fig. 12) discovered in the Upper Permian of New South 
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Wales. Originally, I considered this group to form a distinct Order. 
But, with the great increase of our knowledge of the Permian forms 
of Mecoptera, I think it is clear that they must be considered to be 
true Mecoptera and to form, at the most, a Suborder only. Let us 
consider Parabelmontia as the more typical genus of the two. The 
outstanding characters of this forewing are the straight radius (not 
curved at the origin of Rs, as in nearly all Eumecoptera), the retention 
of a well-developed cubito-median Y-vein, a many-branched Rs and a 
six-branched media, combined with a general tendency to the formation 
of specialized cells in the distal part of the wing, by fixation of certain 
advantageously placed cross-veins. The combined effect is to produce 
a wing which has a suggestion of the Trichopterous wing-type about it, 





Cuz Ga, a M, 
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Fic. 12. Forewing of Parabelmontia permiana Till. Order Mecoptera, Suborder 


Paramecoptera, Family Belmontiidae. Upper Permian of New South Wales. 
Drawn from holotype in the John Mitchell Collection. 


but with too many branches of Rs and M. Turning to Belmontia Till., 
we note that this differs chiefly from Parabelmontia Till. in having a 
pointed apex (a character never found in the true Mecoptera) and in 
possessing a distal fork on Cu (as in many of the Protomecoptera). 
The position of this extra branch on Cm strongly suggests that it was 
originally the most posterior branch of M and has been captured or 
switched over to Cm secondarily. We shall see later on that a similar 
line of evolution was followed later on, in the Northern Hemisphere, 
during the formation of the most primitive Trichopterous wing-types. 

As far as we know, the Paramecoptera left no descendants, for 
there are no signs of them in the Upper Trias, and there is nothing 
among recent insects which can reasonably be claimed as directly 
related to them. 

We give here in tabular form (Table I) a list of the known tossil 
families and genera of the Order Mecoptera, exclusive of the Para- 
trichoptera, which are déalt with in the next section.! 

1Some time after the completion of this present paper, I received from Pro- 
fessor A. Martynov, ot Leningrad, a copy of his valuable paper, ‘‘Permian Fossil 
Insects from the Archangelsk District, Part I. The ‘Order Mecoptera’,’’ 1933. 
It is now necessary to point out that the Census of Fossil Scorpion-Flies given in 
Table I does not include any of Martynov’s new genera and species described in 
his latest paper.—R. J. T., June, 1934. 
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TABLE I 

CENsSUs OF FossIL SCORPION-FLIES 
(Excluding Paratrichoptera 

NOTE: 


The numbers in parentheses indicate the number of known species in 
each genus. 


TOTAL: 
NINE FAMILIES. 
27 Genera. 


UPPER CARBONIFEROUS 


I. METROPATORIDAE Handl. 


- Metropator Handl. 


101 Species. 


LOWER PERMIAN UPPER PERMIAN 


LOWER PERMIAN | UPPER PERMIAN 


V. PERMOCHORISTIDAE | V. PERMOCHORISTIDAE 
| 
| 


Sai Ta, 
(Kansas) (N. S. W., Russia) 
5. Protochorista Till. (2) | 11. Permochorista Till. 
6. Protopanorpa Till. (1) | (11 Aus. 
7. PermopanorpaTill.(8) | 12. Cladochorista Till. 
8. LithopanorpaCarp. (1) | (1 Aus.) 
9. Agetopanorba Carp. | 18. Parachorista Till. 
(1 (4 Aus.) 
| 14, Petromantis Mart. 
VI. ANORMOCHORISTIDAE (4 Russ. ) 
(Kansas) | 15. Petrochorista Mart. 
10. Anormochorista (3 Russ 
Till. (1) | 16. Kamopanorpa Mart. 
(1 Russ 





Suborder PARAMECOPTERA Till. 
UPPER PERMIAN 
IX. BELMONTIIDAE Till. 
(N. S. W.) 


26. Belmontia Till. (1) 
27. Parabelmontia Till. (1) 


DouBTFUL GENERA OMITTED: 


Callopanorpa Handl. (1 Lias, Europe). 
Stenopanorpa Handl. (1, Lias, Europe). 


Pottsville, U. S. A.), (1). 


Suborder PROTOMECOPTERA Till. 


II. PLATYCHORISTIDAE III. PROTOMEROPIDAE LV. ARCHIPANORPIDAE 
Ti. Till. Till. | 

2. Platychorista Till (1)| 3. Protomerope Till. (1) 4. Archipanorpa Till. (1) 
(Kansas) (N.S. W.) (U. Trias, Q.) 
Suborder EUMECOPTERA Till. 


MESOZOIC 


MESOZOIC 


V. PERMOCHORISTIDAE Till. 


(U. Trias, Q., Lias, 

Eng.) 
17. Mesochorista Till. | 
| (1 U. Trias, Q.) 
| 18. Stereochorista Till. 
(1 U. Trias, Q.) 


19. Liassochorista Till. | 
(1 L. Lias, Eng.) 


VII. ORTHOPHLEBIIDAE 
Handl 
(Lias-Jura, Europe) 
20. Protorthophlebia Till. 
(1 L. Lias, Eng.) 
21. Orthophlebia Westwd. | 
(33, Lias-Jura) 


Y 


22. Mesopanorpa Handl. 


(4 U. Lias-Jura) 


VIII. NEORTHOPHLEBIIDAE | 


Handl. 
(Lias-Jura, Europe) 
23. Neorthophlebia Handl. | 
(10, U. Lias, Germany) 
24. Protobittacus Till. 
(3, Lias, England) 


| 25. Probittacus Mart. 


(1, Jura, Turkestan) 
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THE PARATRICHOPTERA 
(Figs. 13, 14 

We turn next to another problematical group, which is represented 
in the Upper Permian of Australia and in the Mesozoic of both 
Hemispheres. The group was originally given ordinal rank by me, 
and was formed to receive four fossil genera from the Upper Trias of 
Ipswich, Queensland, (Tillyard,:1919a@), viz., Mesopsyche, Neuropsyche, 
Aristopsyche and Triassopsyche. Later, Martynov (1927, p. 661) 
recognized that the genus Pseudopolycentropus Handl., from the Lias 
of Europe, also belonged to this group, and removed it thither from the 
Mecoptera, where Handlirsch had placed it. Quite recently, I have 
described another genus, Liassophila (Tillyard, 1933) from the Upper 
Lias of England, which is somewhat more closely allied to the Australian 
Upper Triassic forms. Thus, at the present time, the group consists 
of three very distinct families, the Mesopsychidae (Australian), the 
Pseudopolycentropodidae (European) and the Liassophilidae (European), 
all belonging to the Trias or Lias. 





42 


Cu, M, 


Fic. 13. Forewing of an undescribed primitive Paratrichopteron from the Upper 
Permian of New South Wales, in the Tillyard Collection. hm, humeral 
veinlet; mc, median cell, mcu, medio-cubital cross-vein; pf, pterostigma; 
rc, radial cell; src, subradial cell. 


Instead of attempting straight away to analyse the above groups, 
it is necessary to point out that, amongst the smaller types of unde- 
scribed Eumecoptera recently discovered in the Upper Permian of 
Warner’s Bay, N.S. W., there exist certain wings which are undoubtedly 
those of primitive Paratrichoptera. A figure of one of these types 
(Fig. 13) will serve as the basis of our definition of the whole group. 
We see at once that the wing combines characters of the three Orders 
Mecoptera, Trichoptera and Diptera. The name ‘“‘Paratrichoptera’”’ 
was an attempt to indicate the fact that the group developed alongside 
the true Trichoptera but is not in any way ancestral to them. 

Taking the venational characters seriatim, we note that the wing 
retains the rounded apex and more or less the general shape of the 
Eumecoptera, together with the unbranched Cm. This vein, also, is 
linked with M3, by a specialized cross-vein, mcu, just as in the Nanno- 
choristidae and in many of the Mesozoic Eumecoptera (e. g., Ortho- 





20 Annals Entomological Society of America |Vol. XXVIII, 


phlebiidae); it is also linked with Cuz by means of two cross-veins 
further basad. The radius is nearly straight, being only slightly bent 
not far from the base. Rs arises at fully one-third from the wing-base, 
and has four branches, the stalk of Ro; being much longer than that of 
R;,;. Elongate radial (rc) and subradial (src) cells are formed, and two 
cross-veins mark off an elongate radio-median cell (rmc) between 
Ryz5 and Mi... The cubito-median Y-vein has been lost through 
suppression of M;, and M has only four branches, with a well formed 
median cell (mc). 

Thus we see that the arrangement of the branches of Rs and M, 
together with the distal cross-veins connecting them, is strongly 
reminiscent both of the Nannochoristidae (Fig. 10) and also of the 
Orders Trichoptera and Diptera. The general impression given by 
such a wing is not that of a Eumecopteron, but rather a Trichopteron; 
nevertheless, all Trichopterous forewing of primitive type possessed a 
four-branched media plus a strongly forked Cm, besides lacking the 
subradial and radio-median cells. 





Fic. 14. Forewing of Liassophlebia hydromanicoides Till. Order Paratrichoptera, 
Family Liassophlebiidae. Lower Lias of England. Lettering as in previous 
figure, except im, inter-median, and ir, inter-radial cross-veins. Drawn from 
holotype in British Museum Collection, but with pigmentation omitted. 


It is clear that we have, in the Paratrichoptera, a central group which 
stands close to the more advanced Permochoristidae and also to the 
Nannochoristidae, on the one hand, and to the Trichoptera and Diptera 
on the other. Let us now attempt to follow out the lines of evolution 
within this group. 

(1) Family Pseudopolycentropodidae.—This consists of the single 
genus Pseudopolycentropus Handl. from the Upper Lias of Europe. 
It differs from the ancestral type described above in having a somewhat 
subtriangular forewing, with a definite tornus, correlated with a reduced 
hindwing only about two-thirds as long. Sc was very short in both 
wings. The media was /five-branched in the forewing; in this character 
it must be adjudged more primitive than the other Paratrichoptera; 
though, in the shape of the forewing, the reduction of the hind and in 
the shortened Sc, it is more advanced. Thus it can only be considered 
as a side-branch tending towards both a Dipterous and a Trichopterous 
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line of evolution, but not in the direct line of either. The three known 
species were all of small size, with forewings about 8 mm. long. 

(2) Family Mesopsychidae—The four genera of this family from 
the Upper Trias of Queensland all contained large wings ranging up to 
about 20 mm. in length. The best preserved of them is Aristopsyche 
superba Till. Rs and M were both four-branched and radial and median 
cells were developed. The anal veins remained separate and there was 
a tendency to the development of costal veinlets or cross-veins. The 
general facies of the wing is that of a primitive Dipteron, but without 
any basal narrowing. 

(3) Family Liassophilidae——This family contains only the magnifi- 
cent species Liassophila hydromanicoides Till. (Fig. 14) from the British 
Lias. It differs from the previous family in having the veins 2A and 3A 
fused together distally, forming a short-stalked Y-vein. 

The only form in which parts other than the wings have been found 
is Pseudopolycentropus latipennis Mart. The head was subglobular, as 
in the Permochoristidae and Nannochoristidae; the antennae moderately 
long, the maxillary palpi apparently long, slender and five-segmented. 
The thorax was moderately swollen, the legs fairly long, the abdomen 
not very long. 

It seems probable that, when more is known about these interesting 
insects, it will be possible to place them definitely within the Order 
Mecoptera as a distinct Suborder. For the present, it seems advisable 
to keep them distinct. Their lines of evolution may be indicated as 
follows: 


Pseudopolycentropus Handl. 


(Europe). 
eect Liassophila Till. 


(England) 
Ancestral type ——____—_———- Mesopsychidae 
(Upper Permian) (Australia) 


EVOLUTION OF THE ORDER DIPTERA 
(Figs. 15, 16, 17) 


Until three years ago, the oldest known Diptera were those found 
in the Lias of the Northern Hemisphere. In 1928, there was discovered 
in the Upper Permian Beds of Warner’s Bay, N. S. W., by my friend, 
Rev. A. J. Barrett, a remarkable forewing which was later on described 
by me (Tillyard, 1929) as Permotipula patricia (Fig. 15). Of this 
wing it can truly be said that, judged on its venational characters alone, 
it can be classified as a Tipuloid Dipteron. It is, however, best placed 
in a separate group, Protodiptera, which must be given ordinal rank if, 
at any time, further discoveries in the N. S. W. Upper Permian show 
that the hindwing was still present. 

For the origin of the Protodiptera, it is only necessary to study once 
more any of the ancestral types of the Paratrichoptera (Fig. 13). It 
will be seen at once that the main differences between the two types 
are those connected with the narrowing of the basal portion of the wing 
in Permotipula, Such narrowing carries with it specialization of the 





22 Annals Entomological Society of America [Vol. XXVIII, 


anal veins, and therefore we are not surprised to find 3A entirely missing, 
and 2A reduced to a short vein secondarily linked on to 1A. What is, 
perhaps, more surprising is to find at least two high specializations 
present which one might have surmised would only have been found in 
much later types, viz., the reduction of Rs to a three-branched con- 
dition (the remains of R. being apparently just discernible as a faint 
oblique vein running upwards to connect with R; in the pterostigma), 
and the complete dechitinization of Cw, leaving only a faint groove 
running close below Cm, as in many recent Dipterous types. The 
curious, elongated form of the median cell (mc) is also a specialization, 
but we are not in a position to state definitely whether Permotipula has 
been derived from an ancestor which possessed a complete radial cell like 
that in Fig. 13, or whether it may not have come from some even olde 
type in which this cell never became fixed. In view of the fact that 
certain very archaic Dipterous types are still existing in which Rs is 





Fic. 15. Forewing of Permotipula patricia Till. Order Protodiptera, Family 
Permotipulidae. Upper Permian of New South Wales. Lettering as in two 
previous figures, except cua, cubito-anal and scr, subcosto-radial cross-veins. 
Drawn from holotype in the Tillyard Collection. 


clearly four-branched (Tanyderidae, Psychodidae), we can say at once 
that Permotipula itself cannot represent the ancestor of the Order, but 
must be regarded either as a side-branch which left no descendants, or 
else is already a member of the family Tipulidae (s. Jat.). What is 
certain is, that the Order Diptera has been evolved from types closely 
resembling Permotipula, but possessing a four-branched Rs and a less 
specialized type of median cell. 

We conclude, then, from the above, that the Diptera have been 
evolved from a more ancient stock classifiable as Paratrichoptera, and 
that the origin of these, in turn, must be traced back to some of the 
smaller and more specialized types of Permochoristidae, probably 
not far removed from the type exemplified by Petrochorista minuta 
Mart. Thus their nearest relatives still left in the Eumecoptera are the 
family Nannochoristidae, which took their origin from about the same 
point within that Suborder. 


The Order Diptera of Southern Origin: 
There is one more point of considerable interest to bring out, viz., 
that the Upper Permian types of Paratrichoptera, from amongst which 
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the Diptera took their rise, are not found in the Northern Hemisphere 
but in the Australian beds. This does not, of course, necessarily mean 
that the Order Diptera arose in Australia, but it does strongly suggest 
that it arose in the Southern Hemisphere. We note that the present-day 
distribution of the family Nannochoristidae is essentially of the 
‘‘ Antarctic” type, embracing only Archiplata, New Zealand, Tasmania 
and the mountains of South-eastern Australia. The most satisfactory 
explanation of such a distribution is that the group was evolved within 
the Antarctic Continent during a period of temperate or moderately 
warm climate, such as we know did actually occur there during Permian 
times. This would also explain the distribution of the Tanyderidae and 
of that ancient group of Psychodidae, which includes the genera Nemo- 
palpus (Australia and New Zealand) and Bruchomyia (Archiplata), and 
would account for the extremely close relationships existing, even down 
to numerous common genera, between the Diptera Nematocera and the 
more archaic Diptera Brachycera of the regions under discussion. 

Another interesting point which throws light on this discussion is the 
obvious analogy between the evolution of the family Bittacidae and that 
of the Diptera. Both are descended from Permochoristid types, and 
both are developments along the line of narrowing the wings. Within 
the Bittacidae, there is known one genus, A pterobittacus McLach., 
which is wingless! If a type of Bittacid had been evolved midway 
between Bittacus and A pterobittacus, i. e., with the forewings present 
but the hindwings reduced to mere vestiges, it does not require much 
imagination to think that Linnaeus would have classed it with the 
Diptera, and that much wordy argument would have ensued before its 
true nature as a Mecopteron would have been proved! The only real 
evolutionary difference between the Bittacidae and the Diptera appears 
to be that the former evolved as narrow-winged types long after the 
latter, and that, in consequence, their immediate ancestors, the Neortho- 
phlebiidae, were already too far advanced along the Eumecopterous line 
to give origin to a new Order. The Diptera, on the other hand, arose 
from ancestors which combined reduction in size with the still very 
generalized structure of the Permochoristidae, thus supplying a 
sufficiently broad basis for the evolution of a new Order. As we shall 
see later, when considering the origin of the Trichoptera and Lepidoptera, 
a similar thing appears to have occurred there; but in this case it was the 
Northern Hemisphere group of Permochoristidae which supplied the 
basis for the new ordinal line of evolution, while the analogous group in 
the Southern Hemisphere merely stopped short as Paratrichoptera, and 
died out without haervine any recent descendants. 


Other Mecopteroid Characters within the Diptera: 

The above discussion has been admittedly based on the wing- 
venation, of which we have the most complete knowledge from the 
fossil record. We should, however, point out that there are other 
characters found in archaic types of existing Diptera which point 
strongly to a Mecopterous origin for that Order. The chief of these are 
as follows: 
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(1) The Head and Mouth-parts (Fig. 16): The nearest approach 
to the type of Dipterous head-capsule and mouth-parts appears to be 
offered by the Nannochoristidae, as may be seen by comparing the heads 
of Nannochorista (Fig. 16, B) with those of the archaic Blepharocerid 
genus Edwardsina. In both forms, the maxillary palps are very similar, 
five-segmented, with the basal segment very short and the third segment 
carrying a peculiar small sense-organ. In both forms the labial palpi 
are only two-segmented, close together, and forming a primitive kind 
of labellum. In both forms the mandibles are elongated in correlation 
with the labrum-epipharynx, but the process of elongation has proceeded 


PERNOPANORPA 


HARPOSBI/ITTACUS 
CHORISTA 





C 


Fic. 16. Types of head and mouth-parts in the Order Mecoptera, Suborder 
Eumecoptera. A, Chorista australis Klug. B, Nannochorista dipteroides Till. 
C, Harpobittacus tillyardi E. P. D, Permopanorpa inaequalis Till. (Fig. D 
after F. M. Carpenter, 1930, p. 90, fig. 3b.) 


NANNOCHORISTA 


much further in Edwardsina than in Nannochorista. It can scarcely 
be doubted that two forms possessing such similar mouth-parts must 
have been evolved from a direct common ancestor. For the antenna, 
16 segments appears to have been the original number in the Order 
Diptera. Permopanorpa also had 16 segments; Bittacidae 16-20, and 
all other Mecoptera more! 

(2) The Male Genitalia: The essential characters to be found in 
the male genitalia of Mecoptera are the great reduction of the tenth 
and eleventh segments, with retention of short cerci, combined with a 
strong development of large, two-segmented gonopods belonging to the 
ninth sternite and some form of specialization of the ninth tergite. 
The gonopod consists of a basal gonocoxite and a distal gonostyle. 
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Three types of genitalia can be recognized within the Order, as follows: 

(a) The Bittacid Type (Fig. 17, A) in which reduction of the tenth 
and eleventh segments is only partially accomplished, leaving the anal 
plates still present and the cerci quite well developed, though unseg- 
mented; the ninth tergite is divided into two large lobes, laterodorsal in 
position; the ninth sternite remains separate from the ninth tergite; the 
gonopods remain lateroventral in position, but the gonostyles are 
reduced in size. 

This is taken as the most primitive of existing types, and appears 
to be the nearest to the type of genitalia possessed by the Permo- 
choristidae. 





CHORISTA 


HARPOBITTACUS 


B 


A 
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Fic. 17. Types of Male Genitalia in Mecoptera. A, Panorpid or Bulbous Type, 
Chorista australis Klug. B, Bittacid Type, Harpobittacus tillyardi E. P.: 
9, ninth tergite; ix, ninth sternite; c, cercus; gx, gonocoxite; st, gonostyle. 


(b) The Panorpid or Bulbous Type (Fig. 17, B). In this type, the 
ninth segment forms a narrow ring basally, and the ninth tergite is 
further reduced or specialized; the bulbous appearance of the genitalia 
is produced by the large and swollen gonocoxites, with large gonostyles 
attached; these structures form the greater part of the end of the 
abdomen, and are, as it were, gripped above and below by the specialized 
ninth tergite and sternite; the tenth segment is greatly reduced and the 
cerci very small. 

There seems to be a.general tendency throughout the Mecoptera to 
the production of this type, which occurs, with certain variations, in 
the Notiothaumatidae, Choristidae, Panorpidae, and Nannochoristidae. 
The Boreidae are somewhat between this type and the Bittacid type. 

(c) The Meropid Type. In this type, all the terminal structures of 
the abdomen are greatly reduced except the very large and elongated 
gonopods, which form an enormous slender forceps. 
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Some striking parallelisms can be found between the types of genitalia 
found in certain Diptera and those mentioned above for the Mecoptera. 
In the Tanyderidae, we meet with a close parallel to the Meropidae in 
the formation of a large forceps from the gonopods, with reduction of 
all the other parts. The bulbous type, it is true, is not actually found 
amongst Diptera, but there are many types which approximate to the 
Bittacid type, which is the most primitive type of all. The primitive 
Dipterous type of male genitalia would appear to have been closely 
allied to that of the Bittacidae, but with a stronger development of the 
gonostyles. 

(3) The Thorax and Legs: The typical Mecopteron has a small 
prothorax with a distinct neck region, a very strongly developed meso- 
thorax and a fairly well developed metathorax. The legs are all alike, 
long and slender, with elongate coxae, rather slender femora, slender 
tibiae with apical spurs present, and five-segmented tarsi with the basal 
segment longest; the hind legs are the longest of the three pairs. These 
characters go right back to the Permochoristidae. The coxae of the 
middle and hind legs differ from those of the fore legs (in all except the 
Boreidae) in having a distinct meron. The Bittacidae alone have the 
hind legs specialized for raptorial purposes. 

The Dipterous thorax can be directly derived from that of the 
Mecoptera by increase in development of the mesothorax coupled with 
reduction and final incorporation of the metathorax, in correlation with 
the loss of the hindwings. The Dipterous leg is also derivable directly 
from that of the Mecoptera, the chief specialization being reduction of 
the coxa to a more or less globular form. Nevertheless, some archaic 
forms, e. g., Rhyphidae and Mycetophilidae, retain elongate coxae. 
The meron becomes fused with the rest of the coxa in all the higher 
Diptera; but it is still to be found as a distinct sclerite in the coxa of the 
middle leg in Tipuloidea. 

We conclude, therefore, that the ancestral type from which the 
Order Diptera has been derived must have been a Paratrichopteron 
which became specialized through narrowing of the forewing basally and 
reduction of the hindwing to a remnant (the halter). This ancestral 
type, in its turn, was derived from some small, specialized type of 
Permochoristidae having a head-capsule and mouth-parts not unlike 
those of the Nannochoristidae; antennae with sixteen segments, a well 
developed mesothorax, elongate coxae with a meron present in the case 
of the middle legs, and male genitalia somewhat of the Bittacid type, 
but with well developed gonostyles. 


EVOLUTION OF THE ORDER TRICHOPTERA 
In considering the evolution of the Caddis-flies, or Order Trichoptera, 
it is advisable to divide our study into two parts, (1) the wing-venation 
and (2) other characters. 
1. The Wing Venation 
(Figs. 18, 20) 


In Fig. 18, I have illustrated the wing-venation of the primitive 
Australian caddis-fly Stenopsychodes hiemalis Till., belonging to the 
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family Polycentropodidae. The general resemblance of the forewing 
to that of the Order Paratrichoptera will be at once apparent (cf. 
Figs. 13, 14), but it is necessary here to indicate the resemblances in 
detail as well as the differences. The forewings of the two types 
resemble one another in the following points: 
( Length and form of Sc 
( Possession of a four-branched Rs, having a closed radial cell (rc) and with the 
stalk of Ro,; longer than that of Rs.; and both end-forks sessile on the cell. 
(3) Possession of a four-branched ./, having a closed median cell (mc) and with the 
stalk of My,»2 longer than that of 173.4 and both end-forks sessile on the cell. 
(4) Loss of the original cubito-median Y-vein by fusion of Cu; for a space with M 
near its origin. 


1) 
2) 





>, ~ . 
2A 1A Cu, Cu, 


Fic. 18. Wings of Stenopsychodes hiemalis Till. Order Trichoptera, Family 
Polycentropodidae. Recent, Australia. mc, median cell; pt, pterostigma; 
rc, radial cell; sp, wing-spot; ¢, thyridium. Drawn from holotype male in 
Tillyard Collection. 


The two forms, however, differ in a number of important points, as 
follows: 


(1) The caddis-fly forewing possesses a definite wing-spot (sp), or nygma, in the 
angle of the fork of R45. 

(2) Cu; in the caddis-fly forewing is strongly forked; in the Paratrichopteron it is a 
simple vein, as also in all Eumecoptera. 

(3) The anal veins are linked up into a double Y-vein formation in the caddis-fly 
forewing; in the Paramecopteron they remain separate. 

(4) A jugal lobe is developed in the caddis-fly forewing, but not in the Para- 
trichopteron. 

(5) A thyridium (t) is present in the caddis-fly forewing in the form of an area 
surrounding the primary median fork, in which the chitin of the enclosed veins 
is greatly weakened; this weakening includes the actual fork of M together 
with the cross-vein mcu. ‘This formation is not found in the Paratrichoptera. 
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Let us next analyse the differences between fore and hindwing in 
Steno psychodes (Fig. 18). 
In the hind wing: 


(1) M is reduced to three branches by Joss of the original fork of Ms.4, which, by 
analogy with the forewing, ought to have been better developed than the fork of 
Mi,2. In other respects, notably in the possession of a closed median cell 
(mc) and in having the fork of MJ,,.2 just sessile on that cell, the two wings 
are alike. 

There is no double-Y linkage of the anal veins. Instead, 1A fuses with Cug 
for a short distance near its base, and is also connected by a short cross-vein 
with the anterior branch of 2A just behind it. 2A and 3A are both branched 
veins. 

(3) There is, of course, no jugal lobe, but the costa is slightly broadened near the 

base, where the jugal lobe of the forewing passes over it. 


nN 


Stenopsychodes is, of course, not the most primitive of existing 
Trichopterous types, though it possesses many archaic characters. 


Sc pt R; R2 R; 


M; 
Cujo 
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2A 1A Cu, City, 


Fic. 19. Wings of Hydrobiosella stenocerca Till. Order Trichoptera, Family 


Rhyacophilidae. Recent, New Zealand. Lettering as in previous figure. 
Drawn from holotype male in Cawthron Institute Collection, Nelson, N. Z. 


For further comparison, the wings of a very primitive New Zealand 
caddis-fly, Hydrobiosella stenocerca Till., are shown (Fig. 19), belonging 
to the family Rhyacophilidae. Here we meet with additional primitive 
characters in the retention of the hardened pterostigma of the forewing, 
in the better developed double Y-vein formation of the same wing and, 
more particularly, in the absence of any marked enlargement of the anal 
area of the hindwing, and the fact that the anal veins all remain simple. 
We should note, however, that the linkage between 1A and 2A, by 
means of a short cross-vein, is still to be seen, and that the partial 
fusion of Cu, and 1A near the base is also present. 

Hydrobiosella is more advanced than Stenopsychodes in lacking the 
closed median cell in both wings, in the absence of the cross-vein mcu 
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and in the shortness of the end-forks of M. The thyridial area is 
present around the primary fork of M, and a second similar area is 
developed around and below the cross-vein ir, which closes the radial 
cell (rc) in the forewing. 

Our conception of the original venation of the ancestral caddis-fly 
wing ought to combine the primitive characters found in both Hydro- 
biosella and Stenopsychodes. When we have discovered a fossil wing 
which possesses all these characters, we may rightly claim to have 
discovered the ancestral Trichopteron. 





3A . 2A - Cure pt b. 





Cu M; 
~ la 
2A JA Cup City, 
Fic. 20. Restoration of wings of Necrotaulius furcatus (Giebel). Order Tri- 
choptera, Family Necrotauliidae. Lower Lias of England. Lettering as in 
Fig. 18, except im, inter-median; ir, inter-radial cross-veins; sp, suggested 
most probable position of wing-spot, not clearly visible in the fossils. Portion 
of anal veins of hindwing not preserved in any of the fossils is shown by dotted 
lines. Restoration from a number of specimens in British Museum Collection. 


The earliest known fossil Trichoptera are the Lower Liassic 
Necrotauliidae (Fig. 20). Apart from the basal formation of the anal 
veins of the hindwing, which is not yet known for certain, we can say 
that the wings of Necrotaulius fulfill every venational claim to be con- 
sidered those of the ancestral Trichopteron. Further than this, they 
offer us even more primitive conditions than we might have demanded, 
in the much greater depths of the end-forks of Rs, M and, particularly, 
Cm, in the greater nearness of the primary forks of Rs and M to the 
base of the wing, and in the much larger development of veins 2A and 
3A in the double-Y formation of the forewing. Also, Cm. remains 
separate distally from 1A in both wings, though it is just fused with 1A 
in both Fig. 18 and Fig. 19. This latter point, however, is not important, 
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since existing caddis-fly wings are known in which Cuz and 1A remain 
separate distally. 

We note also that there is no tendency in the wings of Necrotaulius 
towards any slight angulation of the apex, but that a primitive, well- 
rounded form is fully maintained. 

We have now to ask the principal question: from what type of 
ancestor could the wings of Necrotaulius be derived? 

The Paratrichoptera are ruled out at once, in spite of their general 
resemblance, because of the extra branch on Cm in both wings of 
Necrotaulius. This leads us to look more carefully into the relationships 
of M and Cw in the latter type, when we see that, in spite of the obvious 
primitiveness of the wings, it is still true, as in recent Trichoptera, that 
the reduction of M to the three-branched condition in the hindwing has 
been brought about by loss of the fork of M3,;! In view of the related 
fact that, in all primitive Trichoptera, the fork of Cm is very large in 
both wings, the suggestion now obviously arises that this deep fork 
has been added to an originally simple Cu of the Eumecopterous type by 
complete capture, as it were in a single act, of the original most posterior 
branch of M! This idea gains further support when we recall that one 
of the genera of the Order Paratrichoptera, Pseudopolycentropus, did 
actually possess a five-branched M in the forewing, of approximately 
the type required for this type of transfer to take place. (This Liassic 
genus, however, cannot be the ancestor of the Trichoptera, since the 
hindwing is already greatly reduced, and the form of the forewing 
altered in correlation with this reduction.) 

We have now to consider the possible mechanism of such a transfer 
or capture of a branch of a main vein. We therefore fix our attention 
on the thyridium of recent Trichoptera (Figs. 18, 19), and realize at once 
that, for the transfer to be possible, there must have been a thyridium 
present in the ancestral form, before it took place. For we know that, 
in the Trichoptera as well as in the Mecoptera, the tracheal system of the 
pupal wing is incomplete and the median trachea aborted; therefore 
there is nothing more required for the transfer of a branch of M on to 
the more strongly built Cm except the weakening of its original base 
followed by the linking up with Cm by way of the already present 
cross-vein mcu. Also, there would then be no question of turning a 
concave vein into a convex one; for the distal portions of the veins 
R; to R; and M, to M, lie already on an almost flat wing-membrane 
between the two high ridges of R; and Cm, and it is only the more basal 
portion of M that retains any real semblance to a true concave vein 
of the type of Cue. 

In Fig. 21, I have indicated diagrammatically how the formation of 
the primitive Trichopterous type of venation in the region of M and Cm 
must have taken place. For the ancestral type, we must demand a 
forewing with a five-branched M and a hindwing with a four-branched 
M; both wings must have possessed thyridia around the primary fork 
of M and reaching down along the base of the main stem of M, as far as 
the cross-vein mcu. Both wings also had originally a simple Cm, 
which was slightly bent at the point where mcu met it, the distal portion 
being slightly concave to M. The transfer of the most posterior branch 
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of M on to Cm will then give us, at one stroke, the condition of a four- 
branched M and a deeply forked Cm in the forewing, and a three- 
branched M and deeply forked Cm in the hind, with complete loss of 
the fork of Mo.,! 

The explanation of how the Trichopterous type of venation could be 
brought about does not necessarily prove that it did evolve in that way. 
None of the Paratrichoptera so far discovered possess thyridia, and 
therefore, on this count as on others, this Order is ruled out as the 
actual ancestor. We therefore search amongst related forms for a type 
which possessed thyridia around the primary fork of M and at the same 
time had mcu developed, Cm with its distal portion bent concavely to M, 
and M itself five-branched in the fore and four-branched in the hind 
wing. Such a type at once presents itself in the family Orthophlebiidae 
of the Suborder Eumecoptera! 


M 






C 7 Cu), Cur, F Cuy, te 


Fic. 21. Diagrams showing the lines of evolution of media and cubitus in fore and 
hind wings of the Order Trichoptera. A-C, forewing; D-F, hindwing. A 
and D, condition in the Permochoristid ancestor. B and E, condition in the 
reduced but still Mecopterous ancestral type, with venation at stage when 
transfer of M, over to Cu is about to take place. C and F, the complete 
Trichopterous type, with /, captured by Cu, and now become Cma, while the 
original distal portion of Cu, from the medio-cubital cross-vein mcu to the 
wing-margin now becomes Cb; ¢, thyridium. 


But neither Orthophlebia (Fig. 6) nor any other genus of this family 
can possibly be the ancestor of the Order Trichoptera; firstly, because 
the family only appears at the same time as the Necrotauliidae, viz., 
in the Lower Lias, and secondly, because it is in many other ways 
altogether too highly specialized already, notably in the development 
of the pectinate series on Rs, in the very special line of evolution of the 
cubito-median Y-vein of the forewing; also because it shows no sign of 
approach to the Paratrichopterous character of reduction and specializa- 
tion of the cross-vein system, which provides the formation of the 
closed radial and median cells. Further, as all primitive Trichoptera 
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possess a wing-spot in the angle of the fork of R,,; in both wings, we 
must look for an ancestor in which nygmata occur on the wings. Finally, 
the matter of size cannot be disregarded; for it is obvious that all the 
Orthophlebiidae are considerably too large, and we should expect the 
ancestral type to be little, if any, larger than Vecrotaulius. 

Our attention is thus inevitably directed towards the Upper Permian 
types of the family Permochoristidae. Let us recall the fact that the 
Lower Permian types of this family possessed a six-branched M in the 
forewing and either a six- or five-branched M in the hind. In the 
Upper Permian types found in Australia, the forewing has universally 
a six-branched M, the hindwing nearly always a five-branched M. In 
the Upper Permian forms from Russia, the same is mostly true; but we 
find in the tiny wing of Petrochorista minuta Mart. a reduction to the 
five-branched condition, though not exactly along the lines required 
for the ancestral type. Further, in the species Petrochorista eleganiula 
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Fic. 22. Forewing of Petrochorista elegantula Mart. Order Mecoptera, Suborder 
Eumecoptera, Family Permochoristidae. Upper Permian of Russia. To 
show the presence of nygmata in a member of the family. After Martynov, 
1930, p. 184, fig. 22, with labelling added. 


Mart. (Fig. 22) there are developed a number of wing-spots or nygmata 
(‘“‘facetic organs”? of Martynov) and we note with particular interest 
the fact that the only space in the wing which contains two of these is 
the space enclosed by the fork of Ry,;, which is the space in which the 
wing-spot of the Trichoptera occurs. 

I therefore postulate, from a study of the wings alone, an ancestor 
of the Order Trichoptera which must have been a true Eumecopteron 
derived from the Northern Hemisphere types of the family Permo- 
choristidae, by reduction of the number of branches of M to five in 
the forewing and four in the hind; it must have retained a single nygma 
or wing-spot in the angle of the fork of Ry,;, and must have possessed 
a thyridium around the primary fork of M and reaching down to the 
cross-vein mcu. It must also have had the distal portion of Cm already 
curved somewhat concavely to M from the point where mcu met it. 

The original ancestral form with a six-branched M in the forewing 
and a five-branched M in the hind cannot have been like any of the 
known Russian Upper Permian genera. Rather, we must conceive 
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of it as having resembled the Lower Permian genus Permopanorpa 
(Fig. 2) as regards the forewing, but differing in that the extra forks 
were on M; and M, (Fig. 21, A) instead of on M; and Me. For the 
hindwing, similarly, we must postulate a type which had the extra 
fork originally only on M, (Fig. 21, D). In each case, the first 
reduction stage would then be the loss of the fork of M, (Fig. 21, B, E) 
and the Trichopterous stage is then reached by transfer of the remaining 
simple vein M, across to Cm by way of the cross-vein mcu (Fig. 21, C, F). 

The hairiness of the wings of Trichoptera presents no difficulty, 
since many Eumecopterous wings are supplied with microtrichia on 
the membrane, and it only requires a proliferation of these minute 
hairs to give us the condition found in Trichoptera. 


2. Other Characters than Venation 


In their general structure, Trichoptera and Mecoptera are so much 
alike and evidently so closely allied, that no objection can be taken 
to the derivation of the former from the latter except in the case of 
one or two fairly obvious characters, which we shall now consider: 

(1) The Head: The condition of the eyes, ocelli, antennae and 
mandibles offer no difficulties whatever, for the first two are closely 
similar in archaic types of both families, while the longer antennae 
of the Trichoptera can be directly derived from the shorter antennae of 
Permochoristidae, and the aborted mandibles are easily derivable from 
mandibles of almost any Mecopterous family, though more especially 
from the type found in Nannochoristidae, which are already somewhat 
reduced and perhaps only weakly functional. The main difficulty is 
the primitive condition of the palpi in Trichoptera, where the maxillary 
palpi are five-segmented and the labial palpi three-segmented. No 
living Mecopteron is known with three-segmented labial palpi, though 
the five-segmented condition is known for the maxillary palpi. But 
when we look at the primitive form of head found in Permopanorpa 
(Fig. 16, D) we shall find difficult to resist the conclusion that it 
possessed the primitive number of segments in both pairs of palpi. 
In any case, it is certain that the ancestor of the Trichoptera possessed 
such palpi, and therefore, the more convincing our argument from the 
wing-venation becomes, the more certain may we be that some at any 
rate of the fossil Permochoristidae possessed such primitive palpi. 

As regards the galea and lacinia, we note that the former is absent 
or very small in all Trichoptera, and the latter always absent. In 
Mecoptera, it is most common to find the lacinia split into two branches, 
the galea either very slender, or absent. Thus the Trichopterous 
condition can be easily derived from any type of Mecopteron in which 
the galea was still present. The labium is already reduced in both 
Orders, apart from its palpi, and so presents no difficulties. 

(2) The Thorax: In the structure of thorax and legs, primitive 
types of Trichoptera and Mecoptera agree so closely that there is no 
difficulty in deriving one from the other. Both have the same general 
thoracic structure, the meron present in the coxae of middle and hind 
legs, the tibia armed with apical spurs, and the tarsi five-segmented 
with the first segment longest. 
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(3) The Abdomen: Here the only important structures are the 
male and female appendages. The Trichopters 1 on the — possess 
the more complex and specialized types of male appendages, but there 
are a number of less specialized types which approach — closely 
to the Bittacid type amongst the Mecoptera, which is also the type 
possessed by the fossil family Pusuasheaslothies, The Bittacid type 
is more archaic than the Trichopterous in possessing true though 
reduced cerci, but we must demand in the ancestral type for the 
Trichoptera somewhat better developed gonostyles than are possessed 
by recent Bittacidae. Dorsal and lateral processes of the ninth tergite 
occur in Trichoptera as well as many other curious formations in the 
preanal region (tenth segment) and in the aedeagus; but these do not 
concern us here. In the female, the terminal segments of the abdomen 
in primitive Trichoptera resemble those of the Mecoptera, except 
that the cerci are reduced to extremely minute, ear-like appendages, 
whereas in Mecoptera they remain definitely segmented though short. 

(4) Larvae: Of the two larval types, that of the Mecoptera is 
far more primitive than that of the Trichoptera, retaining, as it does, 
compound eyes with a considerable number of distinct elements and 
abdominal legs on every segment. In the Trichopterous larva, the 
compound eyes are reduced to a single element, and the only abdominal 
legs retained are the anal prolegs. The silk-glands, which remain in a 
primitive condition in the Mecopterous larva, are highly developed 
in those of the Trichoptera, producing abundance of spun silk instead 
of a mere gluey mass. In the possession of various kinds of gills, the 
ability to construct cases or fixed abodes, and other adaptations to 
aquatic life, the Trichopterous larva stands far above the Mecopterous 
type. 

(5) Pupae: Both Orders possess pupae liberae of primitive type. 
The earthen cell of the Mecopterous pupa, with its smoothly glued 
internal surface, is the forerunner of the much more elaborate home of 
the Trichopterous pupa in water, and must represent fairly closely the 
type of abode in which the ancestral pupa dwelt just before the Order 
became aquatic. Or, perhaps, as in the Micropterygidae (Order 
Lepidoptera) the larva already had the power to produce a stiff silken 
cocoon without the necessity to make use of soil. The pupae of 
Mecoptera have no specialized characters whatever that are worth 
mentioning; those of Trichoptera possess gills of various types, specially 
formed swimming-legs, and specially developed mandibles for cutting 
open the cocoon. 

As the result, then, of this general survey of the problem, we con- 
clude the ancestors of the Order Trichoptera belonged to the 
Eumecoptera of the Northern Hemisphere; probably somewhere in 
Upper Permian times small forms began to appear with M reduced 
to five branches in the fore and four branches in the hind wing; these 
took to an aquatic life and underwent a further venational specialization 
whereby the most posterior branch of M in each wing was captured by 
Cm, the nygmata were reduced to one (the wing-spot) and the anal 
veins of the forewing became linked up into a double Y-vein; the 
mandibles ceased to function and various other specializations took 
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place, such as the loss of the compound eyes and abdominal prolegs 
of the larva and the great development of its silk-glands. Though the 
oldest known Trichoptera are found in the Lower Lias, it does not follow 
that true representatives of the Order did not exist throughout most 
of the Trias; but the paucity of the fossil record throughout that period 
in the Northern Hemisphere prevents us from determining the point. 

No fossil Trichoptera have been found so far either in the Upper 
Permian or Upper Triassic of Australia. An analysis of the present-day 
Trichopterous fauna of Australia would lead one to the conclusion that 
the Order arrived somewhat late on the scene in this country, and 
that its region of origin must have lain very far away from it. 


ORIGIN OF THE ORDER LEPIDOPTERA 
(Fig. 23) 

Everybody is agreed that the Trichoptera are the nearest relatives 
of the Order Lepidoptera. Thus the solution of the problem of the 
origin of the one is inevitably bound up with that of the other. The 
main questions to answer are (1) whether the Lepidoptera were 
descended from true Trichoptera or not, and (2) why it is that no fossil 
Lepidoptera are known earlier than the Eocene? 

In considering the first point, we must start off with the universally 
admitted fact that the most primitive types of Lepidoptera now existing 
are the Micropterygoidea (Fig. 23). Taking first of all the wing- 
venation, we note at once that, throughout the Order, the forewing 
possesses no separate M;; either this vein is entirely absent, as in the 
Micropterygoidea, or it may perhaps be fused with Cma, as I have 
suggested is the case with the Hepialidae. Both radial and median 
cells may be present (only the former in Micropterygidae). The 
formation of the anal veins resembles originally that found in the wings 
of Trichoptera, but in most cases has undergone some kind of reduction 
or specialization. There is never any wing-spot. In the pupal wing 
of Lepidoptera, the tracheation remains complete; in that of the 
Trichoptera, it is reduced to two tracheae only. 

In all the above characters except that of the tracheation, which is 
at best of doubtful value in such a case, the Lepidoptera might be 
claimed as a direct reduction type from the Trichoptera. One might, 
however, expect to find a wing-spot in some of the Micropterygoidea 
if such were actually present in the ancestor of the Lepidoptera. As 
the wing-spot is entirely absent throughout this Order, it would appear 
more logical to assume that it did not occur in the ancestral form. 

When we turn from wing-venation to other characters, we meet 
with some real difficulties if we attempt to derive the Lepidoptera 
from the Trichoptera. No Trichoptera possess functional mandibles; 
but the Micropterygidae possess such organs very well developed. No 
Trichoptera possess complete maxillae with galea and lacinia both 
present; but the Micropterygidae possess such organs, and it is from 
the galeae that the remarkable sucking tube or haustellum of the 
higher Lepidoptera has been developed. No Trichopteron possesses 
so complete a labium and hypopharynx as we find in the Microp- 
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terygidae. Thus, on the mouth-parts alone, the Micropterygidae 
must be judged to be far more archaic than the Trichoptera. 

When we turn to the study of the larva, we see at once that the 
larva of the Micropterygidae is in many ways still a truly Mecopterous 
type, possessing compound eyes composed of five separate eye-elements 
and having small but definite legs on all the abdominal segments. In 
the first instar, these abdominal legs appear to be distinctly segmented 


Se, R; 





Fic. 23. Wings of A. Sabatinca incongruella (Walk.), B. Micropteryx aruncella 
Scop. Order Lepidoptera, Suborder Homoneura, Family Micropterygidae. 
Recent, A., New Zealand; B., Europe. Lettering as in fig. 18. (From Till- 
yard, Proc. Linn. Soc. N. S. W., 1919, xliv, pp. 115-6, figs. 6-7.) 


and are used in walking just as freely as in the case of the Mecopterous 
larvae. Such a larval type, besides being terrestrial and feeding on liver- 
wort, is evidently far more archaic than the type found in Trichoptera. 

The pupa of Micropterygidae is a pupa libera and closely resembles 
th ose of Mecoptera and Trichoptera, except only that the mandibles are 
m ore normal in form than those found in most Trichopterous pupae. 
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In general structure of the thorax, legs and abdomen, the Microptery- 
goidea come very close to the Trichoptera and Mecoptera. 

The only possible conclusion that we can reach as the result of this 
evidence is that the Lepidoptera are extremely closely allied to the 
Trichoptera, but are not actually descended from them, but from a 
common ancestor which was of small size and led an entirely terrestrial 
existence, feeding only on lowly types of plants such as liverworts or 
mosses. 

Let us now turn our attention to the fossil record and examine the reason 
why no fossil Lepidoptera have been found earlier than the Eocene. 

Handlirsch (1908, p. 618) proposed the new family Palaeontinidae 
to include a large number of related genera from the Upper Jurassic of 
Bavaria, of which the best known are Palaeontina Butler and Eocicada 
Oppenheim. All these he claimed were true Lepidoptera Heteroneura 
allied to the recent family Limacodidae. Lameere challenged this, 
claiming that Eocicada was a true Homopteron allied to the recent 
Cicadidae. Handlirsch, however, insisted that he had seen scales on 
the wings of the type of Eocicada lameerei (1. c., p. 627). Having 
myself studied the type of this insect in Brussels and also many other 
specimens of related genera at Munich and Harvard, I quickly con- 
cluded that Lameere was right and Handlirsch wrong. There are no 
signs of scales on the wings of Eocicada lameerei. But there are definite 
signs of tubercles, pits, cross-ridges and an ambient vein on some of the 
specimens which I studied, and there can be no doubt that they are 
closely allied to the Australian Upper Triassic Mesogereonidae and also 
to recent Cicadidae. 

We are thus left with the fact that the earliest known genuine fossil 
Lepidoptera occur in the Eocene, and that, by then, the Order was 
thoroughly well established, even the Butterflies being present. How, 
then, can we account for the position’ I think the answer can only 
be that the great mass of the Lepidoptera now included in the Suborder 
Heteroneura only evolved with the evolution of the flowering plants in 
the Cretaceous. In the absence of any good Cretaceous records of 
fossil insects, we cannot expect to find any early fossils of Lepidoptera 
Heteroneura. As for the Hepialoidea, these were undoubtedly an earlier 
specialization and might be expected to have existed in the Upper 
Jurassic. But the chance of the fossilization of such a type would be 
extremely slight at any period, for they have never been a highly 
successful or abundant group. Thus we are left only with the 
Micropterygoidea as possible Liassic types existing alongside the 
Necrotauliidae. That they must have so existed we cannot deny, on 
the evidence of comparative morphology; indeed, they may go back 
well into the Trias. But the chance of any individual of such an obscure 
type ever becoming fossilized is very slight; for it must be remembered 
that these types were not aquatic and were probably at no time in the 
world’s history at all abundant even by comparison with such higher 
types as Hepialoidea. One cannot deny the remote possibility that, 
one day, a lucky find in the Lias of Europe may unearth an undoubted 
Micropterygoid type; but the possibility will always remain a very 
remote one. 
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EVOLUTION OF THE ORDER SIPHONAPTERA 


That the Order Siphonaptera, or Fleas, are somewhat related to 
the Diptera has been a more or less general opinion amongst ento- 
mologists for a long time. I have, however, for long held the opinion 
that the Fleas cannot possibly have been descended from Diptera, for 
the obvious reason that the Fleas retain a complete metathorax, whereas 
the Diptera, right from the earliest known types, have this segment 
greatly reduced and incorporated with the large mesothoracic mass, in 
correlation with the loss of the hindwings. Ina recent paper, Crampton 
(1931, p. 325) has quite rightly stressed the importance of this evidence 
from the structure of the metathorax, and has added to it further 
evidence concerning the structure of the coxae; he shows that the Fleas 
have retained a well-developed meron in the posterior coxa, and that a 
corresponding structure is not found in any known Diptera. The 
possession of a meron is a primitive character, and therefore, again, 
the Fleas cannot be derived from the Diptera. 

With this argument of Crampton’s I agree. But I must at the same 
time enter a protest against the statement made by him in the same 
place that I considered the Boreidae as the ancestors of the Fleas. I 
have never at any time published anything on this question; but I have 
indicated to Dr. Crampton more than once, in letters, that I consider 
the Fleas to be a part of the Panorpoid Complex and that they must have 
been derived directly from Mecoptera rather than from Diptera. As 
regards the Boreidae, I have merely indicated them as analogues, 
whereby we could see how a winged Mecoptera could progress towards a 
flea type. But I have never claimed the Boreidae as the direct ancestors 
of the Fleas or of anything else. 

In the paper just cited above, Crampton arrived at the conclusion 
that the Fleas have been evolved from the Order Trichoptera or Caddis- 
flies. Let us analyse this conclusion in detail. 

The outstanding characters of the Caddis-flies as an Order are as 
follows: 

(1) They are essentially an aquatic group, with larvae adapted to aquatic life, 
pupae also so adapted, and with even some characters of the much less 
specialized imago adapted to the same end. 

2) Functional mandibles do not exist within the Order, most types having lost 

the mandibles altogether, and only a few of the more primitive types possessing 

vestigial, non-functional mandibles. Most of the species take no food at all 
in the adult state, but some are able to take liquid nourishment with the aid 
of their palpi. 

The order as a whole is exceedingly hairy, not only the wings and body being 

covered with-hairs, but also the head. 

4) The wing-venation is of the Paratrichopterous type (Fig. 00), but differs 
from it in possessing a large terminal fork on Cu; in both wings, and also in 
other peculiarities. 

) The general structure of head, thorax and abdomen closely resembles that of 
the more generalized Mecoptera; but it should be noted that the antennae are 
always long to very long, the palpi more primitive than those of existing 
Mecoptera, and the coxae of middle and hind legs retain the meron. 

(6) The larvae have well-developed heads with strong mandibles, and all three 
pairs of legs are present. Silk-glands are well developed. The pupae are all 
pupae liberae, and possess strong mandibles and specialized swimming-legs. 
Both larvae and pupae are adapted in various ways to breathing in water. 


~ 
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Comparing the Caddis-flies with the Fleas, we come to the following 
conclusions: 


(1) There is not a shred of evidence in favor of Fleas having been derived from an 
aquatic ancestral type. Their whole life-history points to their having been 
derived from an ancestor which possessed a purely terrestrial larva. 

Fleas possess very strong and highly developed mandibles of the piercing 

type. For Fleas to have been derived from Trichoptera, it would be 

necessary to postulate the loss of the ancestral functional mandibles and the 
evolution of the present type of elongated spear-like organ from the non- 
functional vestige of the Trichoptera! This also involves a belief in the loss 
and subsequent reappearance of the mandibular muscles, and contravenes 

Dollo’s Law. 

(3) Fleas are smooth and shiny, very unlike the soft-haired Trichoptera in their 
body-covering. What hairs they possess are specialized into stiff bristles and 
combs. 

(4) Nothing can be said about the type of wing-venation of the ancestors of Fleas, 
since their wings are entirely lost. 

(5) Any argument based on the structure of the head, legs, thorax, or abdominal 
structures must apply equally well to the Permochoristidae as to the 
Trichoptera, since all types of Mecoptera except Boreidae possess the meron 
in middle and hind coxae, and the Permochoristidae were certainly closely 
similar to the Trichoptera in the type of head-capsule, palpi, thorax and 
abdominal appendages. They have this further advantage in the argument, 
that the antennae were very short, with only sixteen segments. 

(6) Larvae of Fleas are legless, but must have been derived from larvae possessing 
three pairs of legs. They feed on animal and vegetable debris in soil or dirt, 
but have no indications at all of ever having undergone an aquatic existence. 
Silk glands are present and a cocoon is formed. The pupa is a pupa libera. 


(2) 


I propose, therefore, to controvert Crampton’s argument that 
Fleas are descended from Trichoptera, and to advance instead the 
proposition that their ancestors must have been either some reduced 
type of Permochoristidae or else a primitive form of the Order 
Paratrichoptera. The steps in this argument are as follows: 

(1) The ancestral life-history of the fleas must have been terrestrial, not aquatic 
as in the Trichoptera. 

(2) The evolution of the larval type has proceeded parallel to, but is not necessarily 
derivable from, that of the Mvcetophilid Diptera. 

(3) The ancestor of the Fleas must have possessed elongate, functional mandibles. 

(4) The ancestor of the Fleas must have been a rather smooth, leathery and shiny- 
bodied insect, in which the hairs already present were not soft and did not 
form a more or less universal covering, but rather tended to develop as 
specialized setae in a few positions only. 

(5) The middle and hind coxae of the ancestral type must have possessed a true 
meron, and the metathorax had not undergone reduction as in the Diptera. 


Of the above five points, Nos. (1), (8) and (4) are directly opposed 
to the theory that Fleas are descended from Trichoptera. No. (2) 
would allow of a derivation from either Mecoptera, Trichoptera or 
Diptera. No. (5) would allow of a derivation from Trichoptera or from 
any type of Mecoptera except the Boreidae, but definitely excludes the 
Diptera as possible ancestors. 

We see, then, that the Diptera and Trichoptera are definitely 
excluded as possible ancestors, and so are the Mecopterous family 
Boreidae. But there is nothing in the argument so far stated which 
opposes the view that Fleas are descended from Mecoptera. 
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Let us now take further points, in order to narrow the ground of 
argument. The chief difficulty in connection with the evolution of 
Fleas has always seemed to me to be their mouth-parts (Fig. 24), and, 
more particularly, the palpi. We must, I think, admit that the primi- 
tive number of segments in the maxillary palpi of Holometabolous 
insects was five, as found in many Trichoptera and some Mecoptera 
to-day, and that the primitive number in the labial palpi was only 
three. In the Fleas, however, we meet with the apparent paradox 
that the number of segments in the labial palpi is often, though not 
always, greater than the number in the maxillary palpi; in the latter, 
the number is four, in the former it varies from two to seventeen! 
Thus we see that the maxillary palpi of Fleas are easily derivable by 
reduction from those of any ancestral type having either five or only 
four segments; but that the condition of the labial palpi presents a 
special problem. Now, if we examine the labial palpi of those types 
which possess a large number of palpal segments, we are forced to the 
conclusion that these supposed segments are actually only secondary 
annulations of more primitive segments, and that the basic number 





Fic. 24. Head of a Flea, Pulex irritans Linn. Order Siphonaptera. Recent. 
Europe. ant, antenna; e, eye; lep, labrum-epipharynx; /p, labial palp; md, 
mandible; mt, mentum; mx, maxilla; mxp, maxillary palp. 


of the latter appears to be four, as in the maxillary palpi. Nowhere 
except in the Hymenoptera does so large a number as four segments 
appear in the labial palpi. But nobody proposes to derive the Fleas 
from the Hymenoptera. The most logical argument appears to me to 
be that, just as the apparently large number of segments in the labial 
palpi of some types of Fleas can be explained by secondary division 
of more primitive segments, and just as it is certain that those 
Hymenoptera which possess six-segmented maxillary palpi and four- 
segmented labial palpi have been derived from five- and three-segmented 
types respectively, by subdivision of one original segment, so we must 
conceive that the four-segmented condition of the labial palpi in Fleas 
is not primitive, but itself derived by subdivision either from an ancestral 
type with only three segments, or even from one with only two. And 
the fact that the maxillary palpi are four-segmented inclines me to 
this latter hypothesis, since it seems likely that, in the ancestral type, 
when the maxillary palpi lost one segment, the labial palpi did likewise. 

Thus we see that there is a logical argument for the derivation of 
Fleas from an ancestral type having four-segmented maxillary palpi 
and either three- or two-segmented labial palpi. Now all primitive 
Trichoptera have five and three segments in their respective palpi, 
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whereas primitive Mecoptera, amongst existing types, have five and 
two. But the evidence offered by the fossil types for the origin of the 
Trichoptera themselves from primitive Mecoptera is so strong that we 
are bound to conclude that these latter, like their relatives the 
Neuroptera, had palpi of five and three segments respectively. In 
demanding therefore, an ancestor for the Fleas with palpi possessing 
only four and two segments respectively, or, alternatively, four and 
three, we do not exclude the Mecoptera as possible ancestors. 

One other difficulty has to be surmounted, viz., the evolution of the 
antenna of the Flea, (Fig. 24). This is an extraordinary, shortened 
organ, situated in a special groove at the side of the head. It contains 
apparently only three segments, scape, pedicel and distale, but the 
latter frequently shows signs of annulation into a number of sub- 
segments. The nearest analogue to it is the type of antenna found in 
the Diptera Pupipara, which is also very short and situated in a groove, 
but is even more reduced and usually appears to consist of a single 
segment. Now we know that this latter type is a reduced type evolved 
from an originally sixteen-segmented antenna of the type found in the 
Permochoristidae. So, we may well ask, is it more likely that the 
antenna of the Flea is derived also from this type, or from a much 
longer type with more segments, such as is found in the Trichoptera. 
The balance of probability is all in favor of the ancestral type having 
had the shorter form of antenna. 

As Mecopterous larvae possess silk-glands, but exude the product 
rather as glue than silk, this question presents little difficulty. 

On other grounds also, we must reject the Trichoptera as ancestors 
of the Fleas and prefer some small and primitive type of Mecoptera. 
For the evolution of the Fleas is undoubtedly linked closely with that 
of the Mammals and Birds. As the Monotremes possess their own types 
of Fleas, we must take this association right back to the dawn of 
Mammalian life, i. e., to the Triassic. But, at this period of time, 
there were no Trichoptera, so far as we know, the most primitive 
family of that Order belonging to the Lower Lias. Even if we grant, 
as is very likely, that Trichoptera were beginning to emerge in Triassic 
times, we do not allow enough geologic time for the immense changes 
required to turn such a Trichopteron into a Flea and to evolve the 
close association with the primitive Mammals. How much more 
likely is it that the association began between Mammals and some 
already well-developed type of terrestrial insect possessing a crawling 
larva capable of feeding on animal and vegetable débris! Had 
Mammals been evolved from aquatic ancestors instead of from Reptilia, 
and had the Trichoptera been well-developed in the Permian, as were 
the Mecoptera, the theory advanced by Crampton would have been at 
any rate more plausible. 

One further point may be made here—it seems certain that the 
Fleas arose in the Northern Hemisphere rather than in the Southern. 
That conclusion follows from the basis that both Birds and Mammals 
must almost certainly have evolved in the Northern Hemisphere and 
not in the South. Hence, in searching for the probable ancestors of the 
Fleas, one naturally turns to the Upper Permian types of the Northern 
Hemisphere, not of the South. 
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My theory, then, demands as an ancestor of the Order Siphonaptera, 
an insect of the general type found within the Panorpoid Complex, and, 
more particularly, either in or near the Eumecoptera themselves. It 
must have possessed short antennae, elongated mandibles which were 
fully functional, four-segmented maxillary palpi and probably only 
two-segmented labial palpi. The body must have been smooth and 
leathery, with hairs only developed in special places as stiff setae. The 
metathorax must have been more or less normal, not highly reduced, 
and the middle and hind coxae must have possessed a meron. The 
abdomen and its appendages must have been of some primitive 
Panorpoid type. The larva must have been terrestrial, with short 
thoracic legs and well-developed head; it must have fed on animal and 
vegetable débris, thus bringing the adult insect to dwell in or near 
places such as the lairs of mammals or the nests of birds; it must also 
have possessed silk-glands. The pupa must have been a pupa libera, 
either in a cocoon or a primitive earthen cell stuck together with gluey 
secretion from the silk-glands. 

The only possible ancestors which fulfill the above conditions are 
(a) a small, reduced type of primitive Mecopteron, probably of the 
Upper Permian family Permochoristidae, or (b) a related form classi- 
fiable definitely within the Paratrichoptera. As we can never know 
anything about the venational scheme of the wings of the ancestors of 
Fleas, the choice is left open. In my Evolutionary Table II (p. 42) 
have derived the Fleas from the Permochoristidae of the Northern 
Hemisphere in Upper Permian times; but the line may equally well be 
begun from the Paratrichoptera. 


CONCLUSIONS 


The conclusions reached in this paper may be effectively 
summarized in the form of Phylogenetic Table (Table II) and 
may be briefly stated as follows: 


(1) The Order Mecoptera originated in Upper Carboniferous times 
from an unknown ancestor shared in common with the Neuroptera. 

(2) In Lower Permian times, the Mecoptera were already divided 
into two Suborders, the Protomecoptera, which retained certain 
Neuropteroid characters in the wing-venation, and the Eume- 
coptera, which developed the more specialized type of venation 
generally associated with the Order. 

(3) The Protomecoptera were never a very successful group; only three 
fossil genera are known belonging to it, and they finally gave 
rise, at the present day, to three very isolated genera, Merope, 
Austromerope and Notiothauma. 

(4) The Eumecoptera were represented throughout Permian times 

by the dominant family Permochoristidae, insects originally of 

small size, having the media six-branched in both wings, but soon 
reduced to five branches in the hind; they had the head resembling 
that of the Nannochoristidae, short antennae, primitive mouth- 
parts, and male genitalia most like the Bittacid type. This family 
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(6) 


(10) 


(12) 
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persisted into the early Mesozoic. By Upper Permian times, it 
had spread as far as Australia and was probably almost world-wide. 
In the Northern Hemisphere, in Mesozoic times, we can trace 
out two main lines of evolution of the Eumecoptera; the first 
leads from the Permochoristidae through the Orthophlebiidae to 
the Panorpidae, and the second through the Neorthophlebiidae 
to the Bittacidae. The origin of the Boreidae is not certain, 
but they appear to lie between these two groups. 

In the Southern Hemisphere, in Mesozoic times, we trace the 
Permochoristidae through the Upper Trias direct to the existing 
family Choristidae, which remains in a ‘‘ Mesozoic’’ stage in still 
retaining a five-branched media in the forewing. The Nanno- 
choristidae also come from reduced forms of Permochoristidae, but 
the fossil forms have not been fully studied as yet. 

The Paramecoptera of the Upper Permian of Australia are true 
Mecoptera, and should be regarded as a specialized side-branch 
which left no descendants. 

The Paratrichoptera occur first in the Upper Permian of Australia 
(undescribed types) and are also found in the Mesozoic of both 
Hemispheres. They arose from reduced forms of Permochoristidae. 
It is doubtful how far they may be considered to be true 
Mecoptera. 

The Diptera arose in the Southern Hemisphere in Upper Permian 
times from Paratrichopterous ancestors by narrowing of the 
forewing, combined with gradual reduction and final loss of the 
hindwing. One Dipterous type (Permotipula) is known from the 
Upper Permian of Australia. 

The Trichoptera are first found in the Lower Lias of the Northern 
Hemisphere as the family Necrotauliidae. They were descended 
from small, specialized forms of reduced Permochoristidae in 
which the forewing had a five-branched media and the hindwing 
a four-branched media. The presence of a thyridum around the 
primary median fork allowed of the capture of the most posterior 
branch of the media in each wing by the first cubitus, resulting 
in the formation of the ancestral Trichopterous wing-type with the 
media four-branched in the forewing, three-branched in the hind, 
and with a deep fork on the first cubitus in both wings. No 
fossil Trichoptera have been found in Australia. 

The Lepidoptera are extremely closely allied to the Trichoptera 
and must have been derived from a common ancestor with them 
in the Trias. Probably only Micropterygoid types existed until 
the Upper Jurassic, then Hepialoid types also, and, finally, only 
with the evolution of the flowering plants did the main mass of the 
Order evolve. Thus we must not be surprised at the fact that no 
fossil Lepidoptera are known earlier than the Eocene. 

The Siphonaptera or Fleas are not descended from Diptera, as 
has usually been believed, nor from Trichoptera, as Crampton 
avers, but must be traced back either to some highly reduced 
and specialized type of Permochoristidae, or to an allied form 
within the Paratrichoptera. Their evolution is closely bound up 
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with that of the Mammals and Birds and demands an ancestral 
type with a terrestrial larva, not an aquatic one, and with well- 
developed mandibles and short antennae in the adult form. They 
must have arisen in the Northern Hemisphere 
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AQUATIC DIPTERA. PART I. NEMOCERA, Exclusive of Chironomidae 
and Ceratopogonidae, by O. A. JOHANNSEN. Memoir 164, Cornell Uni- 
versity Agricultural Experiment Station. Pages 1-71 and 24 plates. June, 
1934. 

In this Memoir Professor Johannsen brings together what is known of the 
larval and pupal stages of North American Aquatic Diptera. Keys are included 
which at times give characters of genera found in other areas. The volume is of 
that most welcome type with thorough documentation and thorough illustration. 
There are six pages of bibliography and two hundred and eighteen figures. 


C. H. K. 











NOTES ON THE FIRST CUBITAL CELL IN CERTAIN 
HYMENOPTERA! 


T. D. A. COCKERELL, 
Universit Vy of Colorado, Boulder, Colorado 


Tillyard, in his “‘Insects of Australia and New Zealand,”’ 
(1926) figures (p. 264) a sawfly, Xiphydria decepta Smith, in 
which the vein separating the first and second marginal cells 
in called rm, (second radio-median cross-vein); it is the r of 
MacGillivray (1906). On page 290 he figures an ant (Poly- 
rhachis ammon Fabricius), the base of the marginal cell being 
duly labelled rm. A more primitive ant (Myrmecia gulosa 
Fabricius), on page 287, shows the same thing. There can be 
no doubt that this vein forms the base of the marginal cell as 
understood in most of the higher Hymenoptera. The base of 
the first marginal cell in sawflies is the radial sector according 
to MacGillivray, but Tillyard regards it as rm, (first radio- 
median cross-vein). This is the vein which becomes obsolescent 
or disappears, as shown by Miss Gibbons. However, as 
MacGillivray shows (Proc. U. S. Nat. Museum, X XIX, 1906), 
in numerous genera of sawflies it is the rm, (or his r) which has 
disappeared, while rm, (or Rs) remains. In this regard it is 
interesting to consider the Mesozoic and Eocene family Pseudo- 
siricidae. Tillyard (Trans. Ent. Soc. London, 1927) actually 
refers the British Eocene form ( Megapterites mirabilis Cockerell) 
to Siricidae. In former times, the Mesozoic representatives 
were thought to be ants, or allied thereto, and Westwood 
named one of them Formicium brodiei (for a figure, see Canadian 
Entomologist, January, 1921, p. 22). But the wing-structure 
is closely similar to that of the Siricidae, and is not like that of 
the ants. More recently (Journal Washington Academy of 
Sciences, 19, August, 1929) Carpenter has described a large 
form from the Lower Eocene of Tennessee, regarding it as an 
ant, and naming it Eoponera berryi. Comparison of his figure 
(p. 301) with the wing of Megapterites (Canad. Ent., Jan., 1921, 
p. 22) shows that it is nearly the same, but rm, has disappeared. 
The base of the marginal cell is rm;, as may be seen in sawflies, 
but apparently never in ants. 


1These notes are introductory to the succeeding article, ‘‘The First Cubital 
Cell in Certain Hymenoptera,’’ by Miss Helene I. Gibbons. 
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THE FIRST CUBITAL CELL IN CERTAIN HYMENOPTERA 


HELENE I. GIBBONS, 


University of Colorado, Boulder, Colorado 


Dr. T. D. A. Cockerell' has noticed that the first cubital 
cell of Geotiphia pachysoma Ckll. corresponds to the combined 
first cubital and first marginal cells of Megalodonies spissicornis; 
and that ‘‘even in bees, such as Bombus, the rudiment of the 
cross-vein in the first cubital cell is plainly visible, and it may 
be said that these also have two marginals. The bee-venation, 
as compared with other ‘higher’ Hymenoptera, is very 
primitive.’ 

At the suggestion of this author, I have taken up the study 
of the first submarginal or cubital cell, to determine whether 
or not there is further evidence of this rudimentary vein to be 
found among the Hymenoptera. My observations have ranged 
through a series of families and genera, with few duplicates of 
any given species and equally few specimens from any given 
genus. In those cases in which there were duplicates (sex the 
same), the condition was identical in the various specimens. 
In those species where both sexes were at hand, the female 
showed a stronger rudimentary vein than the male. 

In the sawflies, the first radial cell is separated from the 
first cubital cell by a segment of the radius extending from the 
base of the stigma to the intercubitus. Certain of the sawflies 
examined (Plate I) show a marked weakening of this portion 
of the radius. In Pterygophorus cincius Klug, this condition is 
quite marked; the first and second inter-radii have dropped 
out so that there is a single radial cell. Tenthredella xantha 
Norton also demonstrates this condition; less marked indica- 
tions are seen in Strongylogastroidea terminalis Say and Trichio- 
campus gregarius Dyar; Zaschiozonyx montana Cress. demon- 
strates a very faint degree of weakening in this portion of the 
vein; and Xiphydria maculata Say is almost normal. 

The condition in the above sawflies illustrates the probability 
that this portion of the radius might drop out entirely, so that 
the first cubital cell actually represents, in some families and 


‘Hymenoptera and a Caddis Larva from the Miocene of Colorado, Annals 
and Magazine of Natural History, October, 1927, Ser. 9, 20: 434. 
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genera of Hymenoptera, the coalescence of the first radial and 
the first cubital cells. 

The presence of the rudimentary vein is exemplified by three 
types: 

SERIES 1.—Typified by Bombus rufocinctus astragali Ckll. 
female (Pl. I, 7). A single, spinelike projection, pigmented, 
visible with the hand lens, with its origin at the base of the 
stigma. 

SERIES 2.—Typified by the South African bee Fidelia 
villosa Brauns. female (Pl. II, 23). <A single, spinelike projection 
sometimes visible with hand lens, and several shorter projections 
usually not visible with a hand lens; all have their origins at 
the base of the stigma. 

SERIES 3.—Typified by the African megachilid bee Gron- 
oceras felina (Gerst.) female (Pl. II, 15). A single, spinelike 
projection, sometimes visible with the hand lens, and several 
shorter projections usually not visible with the hand lens; all 
have their origins at the base of the stigma. 


FIRST SERIES 


Bombus rufocinctus astragali Ckll. female (Plate I), (Bombidae): 
A single spinelike structure extends from the base of the stigma, at 
approximately right angles to the costal margin, and for a distance of 
three-fourths the height of the first cubital cell. The structure is 
sufficiently pigmented to permit quite clear observation with a hand- 
lens. However, observations of this specimen, as of the others, are of 
the appearance as seen under the low power of the microscope unless 
stated otherwise. 

Clisodon terminalis Cr. female (Plate I), (Anthophoridae):—The 
rudimentary vein is visible with the hand lens. It extends in a direction 
at right angles to the costal margin and for a distance equal to slightly 
more than one-half the height of the cell at its highest point; slightly 
pigmented; a single spinelike structure. Male:—The rudimentary vein 
is not visible with the hand lens. It extends in a direction at right 
angles to costal margin for a distance equal or slightly less than equal 
to the height of the cell at its highest point; not pigmented; a single 
spinelike structure. 

It is to be understood that in no others is there the marked degree 
of development so obvious in Bombidae; however, since those grouped 
below (other than the Bombidae) have this structure more or less 
visible with the hand lens and consisting in a single spine, they also 
may be grouped with Bombus rufocinctus astragali Ckll.: 

Anthophora acraénsis Fabr. female. 

Anthophora capensis Fr. female. 

Anthophora korotonensis Cockerell, female. 

A pis binghami Cockerell, female. 
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A pis indica nigrocincta Smith, female 
Clisodon terminalis Cresson, female. 
Lithurgus sparganotes Schletterer, female. 
Psithyrus insularis Smith, female. 
Psithyrus suckleyi Greene, female. 
Scrapista denticulata Smith, male. 
Sceliphron caementarium Drury, female 


The last is a Sphecid wasp; the others are all bees. 


SECOND SERIES 


Fidelia villosa Brauns. female (Plate II):—A single non-pigmented 
projection, not visible with the hand lens, about one-third as long as the 
cell is high at its highest point. 

Anthidium tenuifoliae Cockerell, male and female. 

Anthophora albigena Lepeletier, female. 

Anthophora korotonensis Cockerell, male. 
A pis mellifera Linnaeus. 

Chelynia elegans Cresson, female. 

Clisodon terminalis Cresson, male. 

Dasymutilla vesta (Cresson), male (Mutillidae). 

Eumenes lepeletierii Saussure, male (Eumenidae). 

Monumetha albifrons (Kirby), male. 

Rhynchium cyanopterum Saussure, female (Eumenidae). 

Spinoliella zebrata Cresson, male. 

Tetralonia persica Fabricius, male. 

Vespula sylvestris Scopoli, female (Vespidae). 

All are bees except the four wasps, the families of which are 
indicated. 


THIRD SERIES 


Gronoceras felina (Gerstaecker) female (Plate II):—This species 
has the rudimentary vein sufficiently strong to be observed with the 
aid of the hand lens. However, when observed under the microscope, 
it is seen that, instead of a single spinelike structure as in Bombus, 
there are (1) a single projection extending to about midway of the cell, 
and (2) several shorter projections which are about one-fourth the length 
of the longest one. 

The two specimens labeled Xylocopa olivacea are undoubtedly, 
according to Dr. Norma LeVeque, different species. She is at present 
working on this group to definitely establish the status of the different 
members. The Uganda specimen exhibits a rudimentary vein which 
can barely be seen with the aid of the hand lens. Under the microscope 
the condition appears rather like that of Gronoceras felina (Gerst.). 
There is one spine rather longer than the rest; the shorter projections 
are less regular in length than in G. felina. The long projection is about 
one-half the height of the cell at its tallest point. The apical half of the 
wing is clouded brown; the rest is clear hyaline. Mesotrichia mossambica 
Gribodo is similar in the condition of the rudimentary vein (Plate II). 
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The Madagascar specimen has a long projection and a shorter one. 
It is difficult to distinguish with certainty even the longer one, which 
is about half the cell height at its tallest point. The wing is heavily 
clouded brown. 

Xylocopa rufitarsis Lep. female shows three projections of approxi- 
mately the same length; these are about one-third as long as the cell 
is high at its highest point. These projections are not visible with a 
hand lens. 

Mesotrichia sinensis Sm. female, in contrast to the above Xylocopidae, 
exhibits no rudimentary vein. 

A phis dorsata Fabricius. 

Gronoceras nigrocincta Ritsema, male. 

Megachile perihirta Ckll., female. 

Megachile wootoni Ckll., female. 

Mesotrichia mossambica Gribodo. 

Sceliphron caementarium Drury, female (Sphecidae). 

Sphex haemorrhoidalis Fabr., female (Sphecidae). 

X ylocopa rufitarsis Lepeletier, female. 

X ylocopa olivacea? female, from Entebbe, Uganda. 

Xylocopa olivacea? female, from Madagascar. 

These are bees, except the two Sphecidae. The following are wasps: 

Rhynchium cyanopterum Saussure, female:—A single non-pigmented 
structure extends in the combined nodal and median furrows almost 
one-third of the way to the first intercubitus. 

Sceliphron caementarium Drury, female:—Appears to have two 
projections, not visible with the hand lens, and so closely associated 
that it is quite difficult to distinguish whether one or two are present 
(Plate III). The one is much shorter than the other. 

Sphex haemorrhoidalis Fabricius, female:—There are two faint 
projections (Plate III). In Sphex umbrosus Christ, female, on the 
other hand, there are several such projections about equal in length. 
None of these in either species is visible with the hand lens. The 
region of these projections is marked in S. umbrosus by a yellow spot. 

Vespula sylvestris Scopoli, female:—Here there is a single spine, 
about one-fourth as long as the cell is high at that point. 

The rudimentary vein is not present in the following: 

Agapostemon texanus Cresson, male. 

Allodape ogilviei Ckll., female. 

Andrena berberidis Ckll., female. 

Andrena vicina Smith, female. 

A poica pallida Olivier, female. 

Bembix sayi Cresson, male. 

Bembix spinolae Lepeletier, female. 

Bembix pruinosa Fox. 

Campsomeris aurulenta Smith, female. 

Campsomeris reticulata Cameron, male. 

Colletes oromontis Viereck, female. 

Dasymutilla fulvohirta Cresson, male. 

Dasymutilla macra Cresson, male. 
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Dasymutilla myrice Mickel, male. 

Dasymutilla obscura Blake, male. 

Dasymutilla occidentalis comanche Blake, male. 
Dasymutilla permista Mickel, male. 
Echthromor pha notulatoria Fabricius. 

Epeolus americanus Cresson, male. 

Epipona tatua Cuvier. 

Eumenes lepeletierii Saussure, male. 

Halictus farinosus Smith, male. 

Halictus lerouxii Lepeletier, male. 

Halictus moffati Cockerell. 

Mesotrichia sinensis Smith, female. 

Nectarina lecheguana Latreille, female. 

Pepsis (sp.), female. 

Polistes carnifex Fabricius, female. 

Polybia occidentalis ruficeps Schrottky, female. 
Pseudomasaris ves poides Cresson, female. 
Pseudomethoca paludata Mickel, male. 
Pseudomethoca propinqua Cresson, male. 
Sceliphron spirifex Linnaeus, male and female. 
Scolia tasmaniensis Saussure, female. 
Spinoliella australior Cockerell, female. 
Synoeca irina Spinola, female. 

Thynnoides fulvipes Guerin, male. 

Timulla minor Ashmead, male. 

Tiphia femorata Fabricius, female. 

Trigona alinderi mimica Alfken. 

Vespa orientalis Linnaeus, female. 

Vespula maculata Linnaeus, female. 

Vespula vulgaais Linnaeus, female. 


Many of the insects used in this study were kindly sent 
by Mr. R. B. Benson from the duplicate series in the British 
Museum. Others are from the collections of the University of 
Colorado Museum and from Mr. C. E. Mickel. 
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EXPLANATION OF PLATES 


PLATE I 
First Submarginal Cell and Adjacent Parts. 


1. Pterygophorus cinctus Klug., female. 
2. Strongylogastroidea terminalis Say, female. 
3. Tenthredella xantha Norton, female. 
4. Xiphydria maculata Say, male. 
5. Trichiocampus gregarius Dyar, female. 
Clisodon terminalis Cr., female. 
7. Bombus rufocinctus astragali Ckll., female. 
8. Psithyrus suckleyi Greene, female. 
Psithyrus insularis Smith, female. 
Zaschiozonyx montana Cress., male. 
A pis binghami Ckll., female. 
Anthophora korotonensis Ckll., female. 
A pis indica nigrocincta Smith, female. 


. 
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PLATE II 
First Submarginal Cell and Adjacent Parts. 


Gronoceras nigrocincta Ritsema, male. 
Gronoceras felina (Gerstaecker), female. 
Pseudomasaris ves poides Cresson, female. 
Mesotrichia mossambica Gribodo. 
Chartergus (Parachartergus) apicalis Fabricius. 
Lithurgus sparganotes Schletterer, female. 
Megachile pugnata Say, female. 

Megachile wootoni Ckll., female. 

Serapista denticulata Smith, male. 

Fidelia villosa Brauns, female. 

Xylocopa rufitarsis Lepeletier, female. 


PiaTeE III 
First Submarginal Cell and Adjacent Parts. 


Vespula maculata Linnaeus, female. 
Polistes carnifex Fabricius, female. 
Trigona alinderi mimica Alfken. 

Sphex harmorrhoidalis Fabricius, female. 
Sceliphron caementarium Drury, female. 
Vespula sylvestris Scopoli, female. 
Halictus moffati Ckll., male. 
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THE PLACE OF ENTOMOLOGICAL COLLECTIONS IN 
ENTOMOLOGICAL RESEARCH 


HERBERT OSBORN, 


Editor Emeritus 


A very hasty survey of the records for insect collections 
for the past century or two will enable anyone to appreciate 
the amount of time and energy that has been devoted to the 
collection, classification and preservation of insect collections 
expecially in Europe and America. These collections have been 
at first, perhaps, and primarily, the result of travel and ex- 
ploration, and stimulated perhaps largely by the urge to pre- 
serve the novel and curious from the countries visited. Possibly 
in some cases it was no more than the flair for exhibition of 
the curious or the beautiful. Great collections of butterflies 
and moths which are among the most striking of our insect 
populations certainly have had an attraction from the stand- 
point of beauty alone but there must have been in many cases 
a more serious purpose to assemble and compare representatives 
of different insect groups from the various faunal regions of 
the world and enter upon the problem of geographical 
distribution. 

Of the great collections in Europe those at London in the 
Museum of Natural History, at Brussels in Belgium, at Stock- 
holm in Sweden, at Berlin, Vienna and Budapest are among 
those containing great wealth of material and in many cases 
the type material for a great number of species in the American 
fauna as well as from other parts of the world. Of the import- 
ant collections in America, those of our National Museum in 
Washington, the Canadian collection at Ottawa and the great 
collections at Cambridge, New York, Philadelphia, Pittsburgh, 
Chicago and San Francisco merit notice and the university 
collections at Cornell, Rutgers, Minnesota, Illinois, Kansas 
University and Kansas Agricultural College, Iowa State, 
Nebraska and Ohio are among those serving large bodies of 
students. 

It is gratifying to note a renewed interest in collections and 
I am confident they will receive more attention from the stand- 
point of material for research. The accumulation of data 
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concerning the growth of collections in America by the com- 
mittees of this society and the Association of Economic Ento- 
mologists furnishes a valuable basis for recognition of the 
place occupied by collections in instruction and research in 
the various institutions throughout the United States and 
Canada. The new cooperative committee charged with carry- 
ing forward this project deserves most active support. 

Glancing through the phases of collection for a couple of 
centuries it is of interest to compare the kinds of data secured 
with the different periods. The early examples were ordinarily 
accompanied with only the merest statement of source in the 
most general terms. Such items as America, or North America, 
America boreale, America septentrionale, America meridionale 
are all that is given to indicate the location of the collection. 
Later we have a little more exact indication especially by the 
more exact collectors like Say who may have given Missouri, 
meaning all the central part of the United States as secured 
in the Louisiana purchase. Sometimes N. Y., Pa., Ohio River, 
or Indiana may be noted. Again a little later it became the 
practice to give a host plant and we find Harris, Fitch and 
Walsh describing many forms with relation to the plant infested. 

Still later a greater detail as to date, elevation or ecologic 
habitat and association was deemed essential and the modern 
collector is expected to furnish a wealth of detail as to the 
special conditions under which the species lives. 

It would be difficult to say when the practice of preserving 
collections of insects began but there have been evidences that 
the cult may have been present with the ancient Egyptians 
and possibly scholars of the Middle Ages may have followed 
the practice but the best known examples we have are the 
European collections which date back less than two centuries. 

Incidentally it may be mentioned that insects properly 
cared for are practically indestructible and many collections 
made a century and more ago are still in excellent preservation. 

Insects preserved in amber date back to the tertiary and 
are equivalent to our preservation of insects in Canada balsam, 
so we may confidently expect collections properly cared for 
to be of service for many generations of future students. 


USE IN RESEARCH 


What is the value in scientific research of insect collections? 
The first evident purpose of a scientific collection is perhaps 





58 Annals Entomological Society of America |Vol. XXVIII, 


as a reference in order to secure positive identification of 
insects requiring study and this may account for the building 
up of reference collections at museums, experiment stations, 
colleges and in the hands of private collectors. 

Of fundamental importance is the place the collection holds 
in taxonomic studies. In all such work it is vitally important 
to know what the earlier systematists had in hand when describ- 
ing the species which were accumulated from the various 
regions of the earth and in many cases described in such brief 
or inadequate manner as to leave their identity from descrip- 
tions in question. This is especially true of cases where later 
discovery of related forms has brought to light many species 
any one of which would meet the specifications given in the 
early description where perhaps only one species of a genus 
was known to the describer. 

It is an easy matter to criticise and decry the unsatisfactory 
work of the entomologists of a century or even a half century 
past but if we stop to consider the difficulty of writing descrip- 
tions of a species when only one or a few of what becomes a 
large genus are known we can feel more respect and sympathy 
for the pioneer. 

Much as it may be ignored or treated with contempt by 
some groups of biologists it must be recognized that correct 
identification of species is essential to accurate biologic work 
and many instances of gross inaccuracy could be cited to show 
that these have resulted from neglect to determine with certainty 
the specific standing of the organism treated. 

We may even have instances where questions of enormous 
practical concern are involved as in cases of recognition of 
introduced pests from other faunal regions or the occurrence 
of destructive species in objects entering into commerce or 
affecting public health or sanitation. 

Beyond this however a little study will disclose that the 
collection is a tool for the attack upon many biological problems. 
Comparisons: of specimens from different regions or from 
different ecologic environments are necessary to the solution 
of many puzzling questions that arise to confront the student. 
It is hardly necessary to detail the essential nature of extensive 
collections in any faunistic study involving the classification 
of any group of insects. So much of the earth’s surface has 
now been explored at least superficially that scarcely any 
region can be studied without recourse to previous publications 
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or collections. The necessity is perhaps even greater when an 
attempt is made to secure a comprehensive ecologic survey 
of any particular ecologic unit. There should be a much larger 
demand and greater opportunities for trained taxonomists 
in charge of national and institutional collections. 

We all recognize I believe that the problems awaiting solution 
in Entomology are of very varied character and there may be 
differences in appreciation of their relative urgency. We need 
not overlook the pressing nature of problems in other branches 
when we argue for a greater attention to those taxonomic 
problems which are really fundamental to permanent advances 
in our science and in such problems we must certainly recognize 
the insect collection as a most essential tool. 


THE STRUGGLE FOR EXISTENCE, by G. F. Gause. pp. i-ix and 1-163; 
40 figs. and graphs, 1934. Published by The Williams and Wilkins Co., 
Baltimore, Md. Price, $3.00. 

We wish to call the attention of those entomologists interested in population 
problems to this remarkable piece of research on the struggles between popula- 
tions of yeasts, bacteria and protozoa. It is a volume that has received wide 
favorable comment from zoologists in general. Gause is a young man, a student 
of Professor W. W. Alpatov, who recently did much statistical work on races and 
populations of the honey bee, but who was forced by the Soviet to return to the 
Zoological Institute of the University of Moscow. The work by Gause was done 
in Moscow. The book is divided into the following chapters and appendices: 
I, The Problem; II, The Struggle for Existence in Natural Conditions; III, The 
Struggle for Existence from the Point of View of the Mathematicians; IV, On 
the Mechanism of Competition in Yeast Cells; V, Competition for Common Food 
in Protozoa; VI, The Destruction of One Species by Another; Appendix I; II, 
and Bibliography and Index. 

Dr. Gause brings to the attack the equipment of a combination of thorough 
training in both mathematics and experimental biology. His populations of 
controlled cultures in test tubes are counted every day and the changing environ- 
ment watched chemically, physically and biologically. He has worked out an 
advanced technique which gives him the changing picture as accurately as it can 
be given with the present knowledge in these lines. The changes as one species 
displaces another are then handled as problems in statistical population studies 
with the changing environmental factors taken into consideration. 

With this statement of his own work Dr. Gause discusses the work of others 
in this particular field of biomathematics from Verhulst, who first in 1839 gave us 
mathematical expressions for population increase to the recent workers, Ross, 
Volterra, Lotka, Chapman, Thompson and Pearl. 

While the problems of insect populations in the field are much more complex, 
the beginning of the attack on this problem has apparently been made with some 
degree of success by Dr. Gause in his very limited populations studied under 
controlled conditions.—C. H. K. 





THE SYMBIONTS OF PSEUDOCOCCUS BREVIPES (CKL.)! 


WALTER CARTER, 
Pineapple Experiment Station, 
Honolulu, Hawaii 


Symbiotic micro-organisms have been found in practically 
all orders of insects with the exception, perhaps, of the 
Thysanoptera. The literature to 1930 has been admirably 
summarized by Buchner (1930). Symbiosis in Pseudococcus 
citri (Risso) has been studied in great detail by previous workers 
and Buchner’s summary served as the basis for this study 
which was undertaken when it seemed possible that the 
symbionts of Pseudococcus brevipes (Ckl.) were in some way 
connected with the insect’s oral secretions (Carter, 1933). 
The writer’s studies were greatly facilitated as a result of a 
short stay in Dr. Buchner’s laboratory in Breslau where the 
cordial co-operation of Dr. Buchner and Dr. Anton Koch made 
the examination of a large amount of comparative material 
possible. 


A recent study of the genus Pseudococcus is that of Walczuch 
(1932), who included several species of the genus in a study of 
Coccid symbionts. She found that in this genus the mycetome 
is unpaired and egg-shaped. Wide morphological differences 
between symbiont species and polymorphism within species are 
described by that writer. 


MATERIALS AND METHODS 


Gross structure of the mycetome was determined from freshly 
dissected material. For the examination of the symbionts them- 
selves, smear preparations proved the most satisfactory. In these 
cases, the freshly dissected mycetome was transferred rapidly to the 
slide and smeared. The smoothness of smears made in this manner 
depends somewhat on the rapidity of the operation, but is also much 
affected by the condition of the tissue itself. Various types of fixation 
of these smears’ were used: air drying, alcohol-ether (equal parts of 
each), acetic acid vapor. Very fine detail is sometimes obtained by 
subjecting the mealy bug to acetic acid vapor prior to dissection. This 
operation should be prolonged for not more than one minute as the 
fixation process sometimes goes so far that the mycetome cannot 
1Published with the approval of the Director as Technical Paper No. 80 of 
the Experiment Station of the Pineapple Producers Cooperative Association, 
University of Hawaii. 
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be smeared out successfully. The finer detail of structure and the 
congenital transmission of the symbionts was studied by means of 
paraffin sections. Mealy bug material was fixed in Carnoy’s solution 
from one to one and one-half hours, washed in two changes of absolute 
alcohol and then carried through to paraffin via chloroform. 

Staining the symbionts is not easy. The slimy matrix in which 
the mycetocytes are imbedded has a great affinity for stain which 
makes differentiation difficult. The standard staining technique used 
has been Heidenhain’s iron-haematoxylin. Slides were immersed over- 
night in iron-alum solution, washed in running water for 10 minutes, 
transferred to haematoxylin for 24 hours. Differentiation was in iron- 
alum solution. This method is useful for both smears and sectioned 
material. When a more rapid method is desired, Wright’s blood 
stain gives an extremely clear picture of the symbionts. This stain, 
however, is not permanent. 


THE MYCETOME 


The symbionts of P. brevipes, as is the case with other species of 
the genus which have been studied (Walczuch, 1932), are enclosed in a 
mycetome, Pl. I, Fig. 1. This is an unpaired egg-shaped body enclosed 
in a membrane. It lies in a median somewhat posterior position and 
always in close apposition to and practically encircled by the large 
mid-gut of the insect. Normally the mycetome is light brown in color 
but pale creamy white specimens are occasionally found. These latter 
are usually very fragile and judging from the ease with which they 
disintegrate on dissection, have ‘a much more delicate enclosing 
membrane. 

On examination of fresh material under low power, the mycetome 
is seen to be an aggregate of bodies, practically spherical, which Buchner 
and other writers refer to as mycetocytes. When examined in greater 
detail in stained preparations these mycetocytes are seen to consist 
of several masses (slime packets) surrounding extremely large nuclei. 
The mycetome grows actively by division of the mycetocytes. Mitosis 
is shown in Pl. I, Fig. 2. The mycetome appears extremely early in 
the embryonic development of the insect. Figure 3, Plate II, which is 
from a section of an adult mealy bug, shows a cross-section of an embryo 
at an early stage with the mycetome occupying the greater portion of the 
ventral half of the embryo. The mycetome is practically enclosed in a 
mass of tracheae, but these detach readily when the mycetome is 
dissected without apparently rupturing the enclosing membrane. 


THE SYMBIONTS 


One species of symbiont was consistently present in all the indi- 
viduals of the species which have been examined. This has been 
designated for convenience as the “common symbiont.” Figure 4, 
Plate II, is a photomicrograph of a smear, stained with Heidenhain’s 
iron-haematoxylin. In this figure the bizarre, polymorphic common 
symbiont is seen enclosed in the smeared mycetocytes or freed from 
them in the process of smearing. Some individuals are budded after 
the manner of yeasts; others show extreme vacuolation, sometimes to 
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the extent of leaving only a thin line at the periphery. These are 
shown in Figure 5, Plate III, which also shows the rod-shaped 
symbiont. The erratic incidence of these vacuolated forms suggests 
that they are a phase in the life-cycle of the common symbiont. There 
are also many spherical forms. These last appear to be in greater 
number as the insect approaches maturity; they are variable in size 
but much smaller than the yeast-like forms commoner in younger 
individuals. Judging from examinations of mature insects, this spherical 
form appears to be the “infection stage’’ which passes from the adult 
mycetome to that of the embryo. 

The other species of symbiont, the rod-shaped symbiont is of very 
great interest since it occurs only under certain conditions of the host 
insect’s nutrition. Evidence from a long study of this symbiont estab- 
lishes that its presence conditions the insect’s oral secretions. These 
studies are being presented in another paper (Carter, a). Figure 6, 
Plate III, is from a smear and shows the rod-shaped symbiont as it 
is always encountered in mealy bugs whose feeding produces green 
spots on pineapple leaves. Figures 7 and 8, Plate III, are of smears 
showing two other forms of this rod, designated as intermediate, and 
coccus-rod, respectively. The intermediate form can also be seen in 
Figure 4, Plate II. Ina green-spotting colony there is evidently some 
fluctuation between the rod-shaped and the intermediate form, but in 
a non-green-spotting colony the coccus-rod is apparently stable and in 
such colonies the rod-shaped form is never found. 


CONGENITAL TRANSMISSION OF THE SYMBIONTS? 


Concurrent with the development of the ovaries, changes are 
observed in the mycetome. The contents of certain mycetocytes may 
be observed in the process of aggregating into small extremely dense 
and deeply staining bodies. These are shown in Figures 9 and 10, 
Plate IV, which are from a section of the whole mycetome. In smears, 
these show as aggregates of faintly staining bodies imbedded irregularly 
in a deeply staining mass. These aggregates migrate from the 
mycetome and are next seen in the process of entering the egg. This 
entry occurs at the junction of nurse cell and egg as seen in Figure 11, 
Plate IV. A further stage is seen in Figure 12, Plate IV, which shows 
the entry complete. Although both species of symbiont have been 
recognized in embryonic mycetomes, their differentiation from the 
deeply staining mass in which they are imbedded has not been satis- 
factorily accomplished. When a newly-born unfed larva is dissected 
and its body contents smeared, both species can be readily seen, for 
by that time ‘the symbiont populations within the mycetome have 
increased considerably. 


THE SYSTEMATIC POSITION OF THE SYMBIONTS 


Without cultivation on artificial media, no attempt at systematic 
description has been made. Insect symbionts are specific to the insect 
_ *Although this is frequently referred to as ‘“‘hereditary’’ it seems best to 
limit the use of the latter term to those cases involving transfer of germ plasm. 
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host and with rare exceptions (Glaser, 1930) are host bound so that 
unless they can be successfully cultivated on artificial media and the 
technique of the micro-biologist applied, there seems little justification 
for the setting up of elaborate bi-nomials to designate species and 
genera. The species are so extremely polymorphic and obviously 
have such complicated life-cycles, that descriptions based on the 
morphology of any one phase are bound to result in confusion. 

The rod-shaped symbiont and its forms are clearly analagous to 
typical bacteria. The designation of the common symbiont as yeast- 
like is due simply to the occasional example of budding encountered. 
The plasma of yeasts, however, is not homogenous whereas that of 
this symbiont is, except for vacuolation in some phases. 


SYMBIOSIS AS AN ECOLOGICAL FACTOR 

The factor of nutrition has long been recognized as important in 
the ecology of insects. With the establishment of a connection between 
nutrition and symbionts, the role of these organisms might well be 
considered. It has been shown (Carter, a) by a study of the reactions 
following a change of food plant that one of the symbionts of P. brevipes 
is concerned in the production of phytotoxic secretions by the insect. 
While the result in this particular case is of peculiar interest in con- 
nection with insect transmitted diseases of plants, the fact that a 
change of food plant changed the symbiotic flora is perhaps of wider 
significance. Since stimuli to migration are probably largely nutri- 
tional, the study of symbiotic flora in such insects as leafhoppers, 
psyllids and aphis under varying food plant conditions should yield 
significant results. The problems of insect epidemiology both with and 
without connection with transmitted diseases could also be approached 
from this angle. 


SUMMARY 


The symbionts of Pseudococcus brevipes (Ckl.) are enclosed 
within a mycetome, as in other species of the same genus of 
mealy bugs. The species is bi-symbiotic. One species of 
symbiont is sometimes yeast-like but is extremely polymorphic. 
This species is apparently not definitely affected by the insect’s 
food plant. The rod-shaped symbiont is also polymorphic, 
but its polymorphism is governed apparently by the food plant 
of the insect. The systematic position of the symbionts cannot 
be determined without cultivation on artificial media and this 
has not been accomplished. Congenital transmission of the 
symbionts is shown to occur in much the same manner as in 
P. citri, but in the case of P. brevipes, aggregates of ‘infection 
stages’’ which are themselves very small, pass from the adult 
mycetome to the developing egg. Symbiosis is probably allied 
with nutrition as an ecological factor. 
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EXPLANATION OF PLATES 


PLATE I 


Mycetome in relation to body cavity. (xX 148.) 
Mitosis in mycetocytes. (xX 189.) 


PLATE II 


Section through embryo showing mycetome, occupying ventral half of 
embryo. (xX 197.) 

Mycetocytes showing the common symbiont: intermediate form of rod inter- 
spersed. Smear preparation. (X 600.) 


PLATE III 


Common symbiont showing vacuolation, rod-like symbiont interspersed. 
(X 755.) 

Rod-shaped symbiont from green-spotting mealy bug. (xX 755.) 

Intermediate forms of rod-shaped symbiont. (xX 755.) 

Coccus-rod form of rod-shaped symbiont. (X 755.) 


PLATE IV. 


Infection stages in mycetocytes and free in body cavity. (xX 183.) 

Infection stages in mycetocyte. (xX 183.) 

Infection stages in process of entering between nurse cell and egg. (x 183.) 
Infection stages immediately after entry into egg. (X 183.) 
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A REVISION OF THE POGONOCHERINI OF 
NORTH AMERICA 


(Coleoptera, Cerambycidae) 


E. Gorton LINSLEY, 
University of California 


The following paper presents the results of a study of the 
members of the longicorn tribe Pogonocherini which are known 
to occur on the continent of North America and in the adjacent 
West India Islands. An attempt has been made to define the 
genera and species and keys have been offered to assist in their 
determination. Whenever possible, biological and distribu- 
tional data have been utilized to shed additional light upon 
the relationships of species. The study is not intended as a 
monograph, since the future will undoubtedly reveal many 
new species, and additional knowledge will probably necessitate 
a re-arrangement of the group as here conceived. It has been 
the writer’s object merely to include such information as our 
present knowledge would seem to warrant, and to make known 
certain changes in our conception of the various genera and 
species that seem advisable at this time. 

The writer wishes to express his sincere appreciation to 
Dr. E. C. Van Dyke, Professor E. O. Essig, and Dr. S. F. 
Light, for reading the manuscript and offering many helpful 
suggestions, and to Mr. K. G. Blair of the British Museum of 
Natural History, Mr. W. S. Fisher of the United States National 
Museum, and Mr. Charles Schaeffer of Brooklyn, New York, 
for the loan of specimens and the comparison of material with 
types. Without the assistance of these men, this study could 
not have been undertaken. 


DISTRIBUTION 


The Pogonocherini reach their greatest development in America, 
where fourteen genera and thirty-seven species are known, ranging 
from Alaska to southern Chile. Europe and Asia share one genus, 
Pogonocherus. ‘Two genera, both monotypic, are found in Asia Minor, 
and two genera each in New Zealand and Madagascar. 

Of our American genera, Pogonocherus is the most widely distributed. 
It is found in the more northern and colder parts of North America, 
and is, with three exceptions, restricted to the region east of the Rocky 
Mountains and North of British Columbia. Poliaenus, on the other 
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hand, is practically confined to the region south of British Columbia 
and west of the Rocky Mountains. Ecyrus is southern in distribution, 
replacing Poliaenus on the east coast, where it occurs in the Atlantic 
and Gulf States as well as in the West Indies and on the eastern coast 
of Mexico. Zaplous and Callipogonius occur in a more or less limited 
area within the range of Ecyrus, and Lophopogonius within the range of 
Poliaenus. Lypsimena is found on both the east and west coasts of 
North America, while Ecteneolus and Sarillus seem to be typically 
Mexican and Central American. In general, all of our genera appear 
to be Neotropical or southern in origin except Pogonocherus (Holoarctic) 
and Lophopogonius, an isolated form which probably diverged in an 
early period from Pogonocherus. 


BIOLOGY 


In so far as known, the life histories of the various members of the 
Pogonocherini are rather similar. The species are nocturnal, resting 
during the day on their host plants, where they are very inconspicuous 
because of their protective coloration. During the night the adult 
beetles are attracted to recently dead or dying branches, preferably 
those broken by storm and still hanging upon the tree. On these 
branches mating takes place and later the eggs are deposited. The larvae 
burrow in the dry sapwood and heartwood (Poliaenus, Lophopogonius, 
Ecyrus, and Callipogonius), or beneath the bark (Pogonocherus). The 
larval period is usually a single year, or rarely (Lophopogonius) two years. 
The pupal cell is constructed in the heartwood in Poliaenus and 
Lophopogonius and in the sapwood in Pogonocherus. In the latter 
case the cell is plugged at both ends with fibrous chips in a manner 
similar to that of Monochamus. 


EARLY STAGES 


ce 


The larvae of the Pogonocherini are white, tapering ‘‘grubs,’”’ which 
differ from other Lamiid larvae in their robust form, elongated last 
segment of the maxillary palpi, glabrous, striate pronotum and 
eusternum, and bilobed ampullae. The pupae are very similar to the 
adults, and in Pogonocherus are remarkable in that the caudal spine is 
not chitinous. 

Craighead (1923) describes larvae which are here recognized as 
representing four distinct genera, and from his work the following 
table has been constructed: 

A. Antennal rings open, hypostoma protuberant ....Lophopogonius 


AA. Antennal-rings closed, hypostoma not protuberant. 
B. Maxillary palpi two-segmented; ninth tergum with a chitinous plate or 


disc . .Pogonocherus 

BB. Maxillary palpi three-segmented; ninth tergum with a spinelike process. 
C. Metanotum and ampullae tuberculate ....Ecyrus 
CC. Metanotum and ampullae smooth, shining Poliaenus 


ADULT CHARACTERS 


Antennae:—The antennae seem to offer some rather constant 
diagnostic characters. In Pogonocherus and Ecyrus the scape is short, 
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stout, and very distinctly clavate; in Sarillus and Callipogonius it is 
stout, but not clavate; and in Poliaenus and Ecteneolus it is long and 
slender. In the latter genera, the third antennal segment is longer 
than the fourth, whereas in most of the other genera the fourth segment 
is longer than the third and distinctly incurved. 

Prothorax:—The prothorax also exhibits some rather remarkable 
modifications. In Lophopogonius there is a long slender, blunt lateral 
tubercle. In Poliaenus and Ecteneolus the lateral tubercle is broadly 
conical and obtuse, while in Pogonocherus and Sarillus the tubercle is 
small and more or less acute. In the remaining genera the prothorax 
has no lateral armature. The discal tubercles likewise differ. In 
Callipogonius they are in the form of an elongated ridge. They are 
prominent but conical in Poliaenus and Lophopogonius and smz all or 
obsolete in the other genera. The anterior coxal cavities are very 
broadly angulated and open externally in Lophopogonius, less broadly 
but distinctly angulated in Pogonocherus and Lypsimena, narrowly 
angulated and more rounded in Poliaenus, Callipogonius, and Sarillus, 
and nearly closed in Ecyrus. 

Elytra:—In Lypsimena the elytra are very much elongated and 
parallel-sided. In Callipogonius and Poliaenus there is a distinct 
antemedian transverse impression which is not evident in the other 
genera. The subbasal crest is very prominent in Lophopogonius and 
Poliaenus and absent or faintly indicated in Pogonocherus. The apices 
are emarginate or emarginate-dentate in Callipogonius, Pogonocherus 
(pars), and Lophopogonius, and rounded or truncate in the other groups. 

Legs:—The femora are clavate in all of the genera except Zaplous 
and Lypsimena, and the middle tibiae have an external sinus in all but 
Lypsimena and Callipogonius. 

Flying Hairs:—Long flying hairs cover the entire body in the genera 
Poliaenus, Lophopogonius, and Callipogonius. In Sarillus and Pogo- 
nocherus they are present but less numerous, and in the other genera 
they are found only on the antennae. 


VARIATION 


As has been previously stated, the majority of the Pogonocherini 
live in dead and dying branches. Under these conditions there is a 
considerable range of moisture and food conditions and, as a result, a 
corresponding range in the size of the adult individuals in any single 
species. In addition to differences in size, some species show variation 
in coloration and even in structural characters. Pogonocherus pictus 
Fall, for example, normally has emarginate elytral apices. In some 
individuals, however, this condition is modified by a tooth on the 
inner apical margin, on the outer apical margin, or even on both apical 
margins. 

Sexual Differences:—Sexual differences are less pronounced in the 
Pogonocherini than in many other groups of Cerambycidae. In 
general, the male is smaller, less robust, and has slightly longer 
antennae. The most reliable difference, however, is in the structure 
of the last ventral abdominal segment. In the female, this segment is 
excavated or concave at the apex, and in the male it is broadly rounded. 
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Tribe Pogonocherini Lacordaire 
Pogonocherides Lacordaire, 1872, Genera des Coleopt., 9: 650. 
Pogonocherini (pars) LeConte and Horn, 1883, Class. Coleopt. N. A., p. 324. 

Species small, rather elongated or robust. Head retractile; 
eyes moderately granulated, deeply emarginate, lower lobe 
subquadrate or subtriangular; antennae slender, clothed on 
inner side with flying hairs. Anterior coxal cavities usually 
angulated externally, closed behind; intermediate coxal cavities 
angulated externally but not closed. Legs short; middle 
tibiae with or without an external sinus; first segment of 
posterior tarsus subequal in length to second segment; ungues 
divaricate. 

A tribe which agrees with the Estolini and Acanthocini 
in the divaricate tarsal claws and intermediate tibiae usually 
with an external sinus, but differing in the retractile head and 
open intermediate coxal cavities. Lacordaire, in his definition 
of the tribe, states that the intermediate coxal cavities are 
closed and the middle tibiae simple. This is not true of his 
type genus Pogonocherus, nor of the majority of the other 
members of the tribe. 

LeConte and Horn, in their study of the Coleoptera of 
North America, grouped together a number of rather widely 
separated genera in the tribe Pogonocherini, including parts 
of Lacordaire’s Estolides and Apodasyides. From the stand- 
point of the North American fauna this grouping was a con- 
venient one, but in the light of the Neotropical fauna, it seems 
hardly justified. The writer has followed the more restricted 
views of Lacordaire and Aurivillius (1923), both of whom 
studied the group from the world standpoint. 


TABLE OF GENERA 


A. Femora not distinctly clavate. 
B. Intermediate tibiae with an external sinus; head convex between the 


antennal tubercles; antennae shorter than the body.............Zaplous 
BB. Intermediate tibiae simple; head flat between the antennal tubercles; 
antennae longer than the body in both sexes ..Lypsimena 


AA. Femora distinctly clavate. 
B. Intermediate tibiae simple; discal prothoracic tubercles in the form 
of an elongated ridge ..Callipogonius 
BB. Intermediate tibiae with an external sinus; discal prothoracic 
tubercles rounded, often small or obsolete. 
C. Antennal scape slender; fourth segment of antennae shorter than 
third segment. 
D. Prothorax with prominent discal tubercles; body clothed with 
long flying hairs Poliaenus 


DD. Prothorax without discal tubercles; flying hairs absent. .Ecteneolus 
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CC. Antennal scape stout; fourth segment of antennae incurved, longer 
than third segment. 
D. Prothorax rounded at the sides, without lateral tubercles; body 
without long flying hairs wavcna coewaes ....Ecyrus 
DD. Prothorax armed with lateral tubercles; body clothed with long 
flying hairs. 
E. Antennal scape stout, not clavate, third segment shorter than 
scape; antennal tubercles approximate, prominent........Sarillus 
EE. Antennal scape distinctly clavate, third segment longer than 
scape; antennal tubercles widely separated. 

F. Elytra with a very large subbasal crest; discal prothoracic 
tubercles prominent, lateral tubercles long and blunt at 
apex . .Lophopogonius 

FF. Elytra without large subbasal crest; discal prothoracic 
tubercles small or obsolete, lateral tubercles short, acute, 
Pogonocherus 


Genus Zaplous LeConte 
Zaplous LeConte, 1878, Proc. Amer. Phil. Soc., 17: 415. 
Zaplous LeConte and Horn, 1883, Class. Coleopt. N. A., p. 327. 
Zaplous Leng and Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 140. 

Short, moderately stout. Head with vertex convex; eyes 
deeply emarginate, coarsely granulated; antennae shorter than 
the body in both sexes, scape slender, more than three times 
as long as second segment, fourth segment longer than third, 
the two together as long as the remaining segments united, 
segments five to eleven short, subequal. Prothorax broader 
than long, without lateral tubercles. Elytra parallel-sided, 
apices rounded. Anterior coxal cavities angulated externally. 
Femora stout, not clavate; middle tibiae with an external sinus; 
tarsi short, first segment subequal to second. 


Genotype: Zaplous hubbardi Lec. (= Ecyrus annulatus Chev.). 


This genus resembles Ecyrus in the unarmed prothorax 
and absence of long flying hairs from the body, but is readily 
separable from that and related genera by the clavate femora 
and short outer segments of the antennae. The following is 
the only known species: 


(1) Zaplous annulatus (Chevrolat) 


Ecyrus annulatus Chev., 1862, Ann. Soc. Ent. Fr. (4) 2: 250. 

Zaplous annulatus Gahan, 1895, Trans. Ent. Soc. Lond., p. 124. 

Zaplous hubbardi LeConte, 1878, Proc. Amer. Phil. Soc., 17: 415. 
Zaplous hubbardi Leng and Ham., 1896, Trans. Amer. Ent. Soc., 23: 140. 

Dark brown, clothed with short, prostrate brownish and grayish 
hairs. Eyes black; antennae annulated, sparsely setose, finely punc- 
tured. Prothorax densely, rather finely punctured, with the punctures 
somewhat obscured by the pubescence. Scutellum black. Elytra 
with coarser, more distinct punctation, brown, with a basal and post- 
median transverse grayish band. Tarsi brownish, annulated. Length, 
3-5 mm. 
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Distribution: Florida and Cuba. 

Host plant: ‘‘Beaten from old vines in May’’—LeConte. 

This is one of the smallest and most obscure members of 
the Pogonocherini. It is rather variable in color, particularly 
as regards the extent of the pale areas of the elytra. The 
species is rare in collections and little is known of its habits. 
For the synonymy given above I am indebted to Dr. E. C. 
Van Dyke, who very kindly compared examples of Z. hubbardi 
with Chevrolat’s type of Ecyrus annulatus. 


Genus Lypsimena LeConte 
Lypsimena LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 155. 
Lypsimena Thomson, 1864, Systema Ceramb., p. 397. 
Lypsimena Lacordaire, 1872, Genera des Coleopt., 9: 653. 
Lypsimena LeConte, 1873, Smiths. Misc. Coll., 11: 342. 
Lypsimena LeConte and Horn, 1883, Class. Coleopt. N. A., p. 327. 
Lypsimena Leng and Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 139. 
Alloeoscelis Bates, 1885, Biol. Centr.-Amer. Coleopt. (Suppl.), 5: 358. 
Alloeoscelis Gahan, 1895, Trans. Ent. Soc. Lond., p. 123. 

Elongate, cylindrical, a little convex; pubescence short, 
sparse, without flying hairs. Head flat between the antennal 
tubercles; eyes large, coarsely granulated; antennae longer than 
the body in both sexes, sparsely ciliated within; scape moderately 
stout, not clavate, third segment as long as first and second 
together, fourth segment slightly longer than third, remaining 
segments diminishing slightly in length toward apex. Pro- 
thorax short, subcylindrical, unarmed. Elytra elongate, sub- 
parallel; apices truncate. Femora not distinctly clavate; 
intermediate tibiae without an external sinus; first segment of 
posterior tarsus distinctly longer than second. Anterior coxal 
cavities angulated externally, prosternum before the coxae 
short, arcuate behind. 


Genotype: Lypsimena fuscata LeConte. 

This genus, like the preceding, resembles Ecyrus in the 
unarmed prothorax and absence of flying hairs from the body. 
It differs from the latter, however, in having nonclavate antennal 
scape and femora. From the other genera of the tribe it may 
be readily distinguished by its elongated, cylindrical form. 
Only two species are known: 


KEY TO SPECIES OF LYPSIMENA 


Sides of prothorax dilated at middle, constricted at base; punctation of 
prothorax coarse, rather dense........ inka acne re ere te »sosee 4h) SUSCate 

Sides of prothorax evenly rounded from base to apex; punctation of prothorax 
ane r 


sc hbal aite xhane aa Ra eines ........(2) californicus 
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(1) Lypsimena fuscata LeConte 


Lypsimena fuscata LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 15: 
Lypsimena fuscata Chevrolat, 1862, Ann. Soc. Ent. Fr. (4) 2: 253. 
Lypsimena fuscata Lacordaire, 1872, Genera des Coleopt., 9: 653. 
Lypsimena fuscata Leng & Ham., 1896, Trans. Amer. Ent. Soc., 23: 139. 
Alloeoscelis leptis Bates, 1885, Biol. Centr.-Amer. Coleopt. (Suppl.), 5: 358. 
Alloeoscelis leptis Gahan, 1895, Trans. Ent. Soc. Lond., p. 123. 


oS 


Dark brown, clothed with short, cinereous pubescence. Antennae 
slender, annulated, rufescent, scape brownish. Prothorax dilated at 
middle, constricted at base, coarsely, rather densely punctured. Elytra 
dark brown with a pale gray, interrupted vitta extending from near the 
base toward the apex; punctation coarse at base, finer, sparser 
posteriorly. Abdomen coarsely, closely punctured at sides, more 
sparsely at middle and apex. Length, 6-8 mm. 


Distribution: Eastern United States from New York to 
Florida, Cuba, Mexico, Panama, Venezuela, Brazil. 

As indicated above, this species is rather widely distributed. 
An example at hand from Morelos, Mexico (Koebele Coll. 
Calif. Acad. Sci.) resembles L. californicus very much in color- 
ation, yet has the structural characters of L. fuscata. 


(2) Lypsimena californica Horn 


Lypsimena californica Horn, 1885, Trans. Amer. Ent. Soc., 12: 194. 
Lypsimena californica Leng & Ham., 1896, 1. c., 23: 140. 


Brown, clothed with short, cinereous pubescence. Prothorax 
evenly rounded from base to apex, base not constricted, subequal 
in width to apex; punctation partially obscured by pubescence. Elytra 
cinereo-pubescent, with irregular interrupted longitudinal vittae of 
darker brownish pubescence. Body beneath coarsely, sparsely punc- 
tured. Length, 7.5-9 mm. 


Distribution: California, from Fresno County south to San 
Diego. 

Host plant: Quercus agrifolia. 

This species resembles the preceding very closely and 
characters which have been previously used for their separation 
will not hold. The only really useful character which I can 
find to distinguish the two is the shape of the prothorax, which 
in L. fuscata is dilated at the middle and constricted at the 
base. 


Genus Callipogonius Linsley, new genus 


Body robust, subcylindrical, clothed with a short, dense 
pubescence, intermixed with long, flying hairs. Head moderate- 
ly short, longitudinally sulcate between the antennae; eyes 
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deeply emarginate, lower portion slightly longer than broad; 
antennae longer than the body in both sexes, scape stout, 
not distinctly clavate, second segment about as long as broad, 
third segment slightly longer than the first two together, 
fourth segment incurved, distinctly longer than third, follow- 
ing segments shorter, diminishing gradually in length toward 
apex. Prothorax subcylindrical, about as broad as long, with- 
out lateral tubercles, disk armed with two elongated tubercles. 
Elytra convex, with a distinct ante-median impression; in- 
distinctly tricostate; subbasal tubercles prominent. Femora 
clavate; intermediate tibiae without an external sinus. Anterior 
coxal cavities rounded, slightly angulate, open externally. 


Genotype: Poliaenus hircinus Bates. 


A rather anomalous genus, combining many characters of 
other genera. In the structure of the antennae (short, stout 
scape and long, incurved fourth segment) it agrees with Pogono- 
cherus and Ecyrus, differing from the former in the absence 
of lateral thoracic tubercles and from the latter in the presence 
of long flying hairs on the body. This last character is shared 
with Poliaenus, the genus in which Bates originally placed his 
C. hircinus. Callipogonius differs from all of the other genera 
of the Pogonocherini except Lypsimena in the simple inter- 
mediate tibiae. The two known species differ as follows: 


KEY TO SPECIES OF CALLIPOGONIUS 


Elytral apices obliquely truncate; dorsal prominences of prothorax tuberculi- 
form; discal prothoracic white patch small. 4mm. Mexico....(1) hircinus 

Elytral apices emarginate-truncate; dorsal prominences of prothorax pro- 
longed backward into a horn; discal prothoracic white patch large, 
conspicuous. 5.5-7mm. Texas... ee ce pwienia dann (2) cornutus 


(1) Callipogonius hircinus (Bates) 
Poliaenus hircinus Bates, 1885, Biol. Centr.-Amer. Coleopt. (Suppl.), 5: 358. 


Brownish, clothed with yellowish gray pubescence. Antennae 
pale, annulated with brownish, clothed with long, pale, flying hairs. 
Prothorax armed with two elongate, compressed discal tubercles; discal 
area clothed with short, dense, whitish pubescence. Elytra clothed 
with flying hairs, apices obliquely truncate. Body beneath black, 
clothed with pale grayish pubescence. Length, 4 mm. 


Distribution: Mexico (Jalapa). 

Known only by the type specimen which was collected at 
Jalapa by Herr Hége and which is now in the collection of the 
British Museum of Natural History. 
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(2) Callipogonius cornutus (Linsley) 
Ecyrus cornutus Linsley, 1930, Pan-Pacific Ent., 7: 86, Figs. 1-2. 

Brownish piceous, clothed with short, gray and brown pubescence. 
Head with brown pile at base of antennae, white on face and mouth- 
parts. Antennae annulated, slightly longer than the body in the 
female, distinctly so in the male. Prothorax with two laterally com- 
pressed discal tubercles which are prolonged backwards into a horn; 
discal area clothed with dense white pubescence. Scutellum white. 
Elytra with a transverse median arcuate patch of white pubescence 
and a similar shorter antemedian fascia; apices emarginate-truncate. 
Length, 5.5-7 mm. 

Distribution: Brownsville, Texas. 

Host plant: Salix. 

A very attractive little longicorn, taken not uncommonly 
on dead and dying branches of Salix, in late May, June, and 
early July. The species is rather closely related to C. hircinus, 
but differs markedly in the structure of the prothorax and in 
the shape of the elytral apices. 


Genus Poliaenus Bates 


Poliaenus Bates, 1880, Biol. Centr.-Amer. Coleopt., 5: 120. 
Pogonocherus (pars) Horn, 1878, Trans. Amer. Ent. Soc., 7: 42. 
Pogonocherus (pars) Leng & Hamilton, 1896, 1. c., 23: 135. 
Pogonocherus (pars) Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 102. 
Pogonocherus (pars) Fall, 1910, Ent. News, 21: 5-9. 

Pogonocherus (pars) Casey, 1913, Mem. Coleop., 4: 345-349. 
Pogonocherus (pars) Linsley, 1930, Pan-Pacific Ent., 7: 77-85. 

Elongate, subcylindrical, clothed with a short, dense pube- 
scence, intermixed with long flying hairs. Head broad, longi- 
tudinally sulcate between the antennae; eyes deeply emarginate, 
lower lobe subquadrate; antennae slightly longer than the body 
in the female, distinctly so in the male, clothed with long flying 
hairs; scape elongate, slender, fourth segment incurved, longer 
than third, remaining segments shorter, diminishing in length 
toward apex. Prothorax armed with two lateral and two discal 
tubercles. Elytra elongate, with two rather prominent sub- 
basal crests; ante-median area transversely depressed; apices 
rounded or rotundate-truncate. Femora clavate; intermediate 
tibiae with an external sinus; tarsal segments often clothed 
beneath with a short, dense yellow pile. 


Genotype: Poliaenus hirsutus Bates (= Lophopoeum volitans Lec.) 


This genus has long remained unrecognized by American 
authors. It superficially resembles Pogonocherus, but differs 
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in the structure of the antennae and prothorax as well as the 
shape of the anterior coxal cavities and elytral apices. Larval 
studies seem to indicate that it is more closely related to 
Ecyrus. The species are confined to western North America, 
ranging from Guatemala to British Columbia, and found on 
both coniferous and broad-leaved trees and shrubs. 


KEY TO SPECIES OF POLIAENUS 


Elytra with discal costae indistinct, indicated by a few vague tubercles........ 1 
Elytra with three more or less equally defined longitudinal costae; pubescence 
gray and black. 6-11 mm. So. California.... micielg (1) californicus 
1. Pubescence uniformly grayish or gray and blac k, ante -median v-shaped 
area pale gray pe ae 
Pubescence brownish, ante-median pale area yellowish..... 6 
2. Lateral prothoracic tubercles obtuse; head and prothorax clothed with 


long, erect, flying hairs 
Lateral prothoracic tubercles acute at apex; head and prothorax without 
long flying hairs. 7 mm. Lower California................. (2) concolor 
3. Elytra with a distinct postmedian black band; erect hairs of head and 
ARGS TN IE FEN 6 565d hee ns nie hed one Faas eeneew ae eases 
Elytra more or less uniformly gray, dark markings when present vague, 
basal or sutural; erect hairs of head and antennae uniformly white. 


6-8 mm. Central California..... eccraece kak eet oaee caecee 6 US) GReeene 
4. Post median black band narrowed at the suture; discal tubercles of 
prothorax ea diss ahaonsenitaate orisateveledhe setkn havin eR iwhn Rie SME eT at he 5 


Post median blac ‘k band broad at the suture; discal tubercles of prothorax 
indistinct. 6-8 8.5 mm. Pacific Coast and Rocky Mountains. .(4) oregonus 

5. Punctation of elytra coarse, not obscured by the pubescence; elytra with 
four series of small black tufts of hairs. 7-9 mm. Arizona...(5) obscurus 

Punctation of elytra not coarse, obscured by the dense pubescence; elytra 

with less than four series of tufts of small black hairs. 6-9.5 mm. 


Northern California. .....(5a) obscurus subsp. ponderosae 
6. Antennal scape not attaining lateral prothoraci ic tubercle..... rae. 
Antennal scape attaining lateral prothoracic tubercle... 8 

7. Elytral costae evident; discal prothoracic tubercles prominent; elytra 
one-half as long as broad. 5-7 mm. Southern California. .(6) schaefferi 


Elytral costae not evident; discal poameeee ic tubercles indistinct; elytra 
less than half as broad as long. 6-8.5mm. Southern Arizona. .(7) negundo 

8. Pubescence light brown, antennae and legs rufescent; elytral pubescence 

dense, obscuring the basal punctures. 5-8 mm. Lower California, 


ES SIN So 05's ica Cette ee hina ne be awe Aik ee (8) volitans 
Pubescence dark brown, antennae and legs dark; elytral pubescence not 
obscuring the basal punctures. 9 mm. Guatemala............. (9) batesi 


Polliaenus californicus (Schaeffer) 
(Plate I, Fig. 2) 


Pogonocherus californicus Schaeffer, 1908, Bull. Brook. Inst., 1: 347. 
Pogonocherus californicus Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 103. 
Pogonocherus californicus Fall, 1910, Ent. News, 21: 7. 

Pogonocherus californicus Schaeffer, 1932, Bull. Brooklyn Ent. Soc., 27: 153. 
Pogonocherus pilatei Van Dyke, 1920, Bull. Brooklyn Ent. Soc., 15: 46. 
Pogonocherus pilatei Linsley, 1930, Pan-Pacific Ent., 7: 83. 


Piceous, clothed with gray and black pubescence. Head pubescent; 
antennae rufescent, annulated; slightly longer than the body in the 
female, distinctly so in the male. Prothorax transverse, finely 
punctured; discal and lateral tubercles prominent, obtuse. Elytra 
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twice as long as broad, distinctly tri-costate; ante-median area with 
a V-shaped, pale gray fascia, postmedian dark band narrowed at the 
suture. Legs piceous; base of femora rufescent; underside of tarsal 
segments clothed with dense yellow hairs. Body beneath pubescent 
with pale gray hairs. Length, 6-11 mm. 


Distribution: Southern California. 

Host plant: Fremontia californica Torr. 

This is a very distinct species, differing from all of the 
other members of the genus in the tricostate elytra. The 
larvae live in dead branches of Fremontia in the foothill region 
of Southern California. The adults are active in April and 
May and may be taken rather abundantly on their host plant. 


(2) Poliaenus concolor (Schaeffer) 


Pogonocherus concolor Shaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 102. 
Pogonocherus concolor Fall, 1910, Ent. News, 21: 9. 
Pogonocherus concolor Schaeffer, 1932, Bull. Brooklyn Ent. Soc., 27: 154. 

Robust, uniformly clothed with grayish brown pubescence. Head 
without long erect flying hairs; antennae vaguely annulated, scape 
nearly reaching the lateral prothoracic tubercle. Prothorax with 
lateral tubercles more or less acute at the apex, discal tubercles distinct. 
Elytra sparsely punctured, lateral costae distinct, discal costae indicated 
by a few vague tubercles which are not armed with tufts of black hair; 
apices rounded. Body beneath finely, densely punctured; abdomen 
feebly pubescent at middle with short hairs. Length, 7 mm. 


Distribution: Lower California (Santa Rosa). 

Apparently related to Poliaenus volitans LeConte, but differ- 
ing in the uniformly grayish brown pubescence and elytral 
costae without tufts of hair. Only the type is known. 


(3) Poliaenus albidus Linsley 
(Plate I, Fig. 5) 
Poliaenus albidus Linsley, 1933, Bull. Brooklyn Ent. Soc., 28: 184. 
Pogonocherus concolor Van Dyke, 1920, Bull. Brooklyn Ent. Soc., 15: 46. 
Pogonocherus concolor Linsley, 1930, Pan-Pacific Ent., 7: 84. 

Robust, subcylindrical, piceous, densely clothed with a uniform 
grayish white pubescence, with longer scattered flying hairs on head, 
antennae, legs, and entire upper surface. Head finely, densely pubescent; 
antennae annulated, flying hairs whitish. Prothorax transverse; lateral 
tubercles obtuse, discal tubercles evident; elytral costae feeble; apices 
rounded. Body beneath clothed with a grayish white pubescence. 
Tibiae annulated; underside of third tarsal segment clothed with a 
dense pad of yellow hairs. Length, 5-9 mm. 

Var. a.—Elytra pale gray with a dense oblique patch of velvety 
black pubescence in subbasal area, and a similar triangular sutural 
patch in subapical region. 
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Distribution: Central California. 

Host plant: Pinus sabiniana. 

Related to P. obscurus Fall, but differing in the dense pale 
pubescence, fine elytral punctation and the white erect hairs 
on the head and antennae. From P. concolor Schfir., a species 
with which it has been confused, it differs in the obtuse lateral 
prothoracic tubercles, short antennal scape, and erect flying 
hairs on head. The species ranges throughout the low foot- 
hill area of the Sierra Nevada and Coast Range mountains of 
Central California on the Digger Pine, Pinus sabiniana. 


(4) Poliaenus oregonus (LeConte) 
(Plate I, Fig. 6) 

Pogonocherus oregonus LeConte, 1861, Proc. Acad. Nat. Sci. Phil., 13: 354. 
Pogonocherus oregonus Horn, 1878, Trans. Amer. Ent. Soc., 7: 42. 
Pogonocherus oregonus Leng and Hamilton, 1896, 1. c., 23: 136. 
Pogonocherus oregonus Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 103. 
Pogonocherus oregonus Fall, 1910, Ent. News, 21: 7. 
Pogonocherus oregonus Linsley, 1930, Pan-Pacific Ent., 7: 85. 

Robust, piceous, clothed with gray and black pubescence. Head 
rather broad, pubescence not dense, white predominating; antennae 
annulated, as long as the body in the female, slightly longer in the 
male. Prothorax with obtuse lateral tubercles; discal tubercles scarcely 
evident. Elytra gray, with basal region and a broad postmedian 
band, black; basal punctation coarse, rather dense, becoming finer and 
less dense apically; apices rounded. Body beneath clothed with short, 
not dense, pale gray hairs. Length, 6-8.5 mm. 


Distribution: Pacific Coast of North America and Rocky 
Mountain Region. 

Host plants: Adies, Pseudotsuga. 

A very distinct species easily recognizable by the broad 
postmedian black band of the elytra and the indistinct discal 
tuberculation of the prothorax. It is the most widely dis- 
tributed species of Poliaenus, ranging from Tulare County, 
California to British Columbia and in the Rocky Mountain 
Region as far south as Colorado and Utah. It occurs on 
both the true firs and the Douglas Fir, usually at a rather 
high altitude. In California it is most abundant above 6,000 
feet. 


(5) Poliaenus obscurus (Fall) 


Pogonocherus obscurus Fall, 1910, Ent. News, 21: 5. 
Pogonocherus obscurus Linsley, 1930, Pan-Pacific Ent., 7: 85. 


Robust, piceous, clothed with gray and black pubescence. Antennae 
slightly longer than the body in the female, distinctly so in the male, 
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annulated. Prothorax about as long as broad, lateral and discal 
tubercles obtuse. Elytra with antemedian area grayish and post- 
median dark area narrowed at the suture; tufts of short, black setae 
arranged in four rows, the inner near the suture; apices rounded. Legs 
black; tibiae annulated. Length, 7-9 mm. 


Distribution: Arizona. 

Host plant: Pinus edulis Engl. 

Related to P. schaeffert, but differing in the darker color, 
coarser punctation of the basal area of the elytra, and sparser 
pubescence of the upper surface. It occurs in the mountains 
of Northern and Southern Arizona. 


(5a) Poliaenus obscurus subsp. ponderosae Linsley, new subspecies 


Elongate, subcylindrical, rather densely clothed with gray and 
black pubescence. Head broad; antennae annulated, slightly longer 
than the body in the female, distinctly so in the male. Discal pro- 
thoracic tubercles obtuse. Elytra clothed with dense gray and black 
pubescence which obscures the basal punctation; postmedian black band 
very conspicuous, narrowed at the suture; apices rounded. Body 
beneath clothed with a moderately dense grayish white pubescence. 
Length, 6-9.5 mm. 


Distribution: Northern California. 

Host plant: Pinus ponderosa Laws. 

Holotype, male (No. 3,731 Calif. Acad. Sci.) and allotype, 
female (No. 3,732 Calif. Acad. Sci.), from Carrville, Trinity 
Co., Calif., July 1918, in the collection of Dr. E. C. Van Dyke. 
Paratypes: Carrville, Trinity Co. July 1918, E. C. Van Dyke 
collector, and Trinity County, August 1, 1931, collected by 
R. L. Usinger. Paratypes in the collection of Dr. E. C. Van 
Dyke and the writer. 

Distinguished from typical P. obscurus by the finer puncta- 
tion of the basal area of the elytra, the denser elytral pubescence, 
and the fewer series of tufts of erect black hairs on the elytra. 
The subspecies occurs in Northern California on the Western 
Yellow Pine, Pinus ponderosa Laws. 


(6) Poliaenus schaefferi Linsley 

Poliaenus schaefferi Linsley, 1933, Bull. Brooklyn Ent. Soc., 28: 184. 
Pogonocherus vandykei Schaeffer, 1932, 1. c., 27: 153. 
Pogonocherus californicus (pars) Van Dyke, 1920, 1. c., 15: 46. 
Pogonocherus californicus (pars) Linsley, 1930, Pan-Pacific Ent., 7: 83. 

Robust, rather densely clothed with brown and whitish pubescence. 
Head distinctly longer than broad; antennae annulated, slightly longer 
than the body in the female, distinctly so in the male. Prothorax 
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transverse, discal tubercles evident, obtuse. Elytra with an ante- 
median yellowish brown V-shaped fascia; median fascia dark brown, 
narrowed at the suture, bordered anteriorly by a narrow white line. 
Length, 5-7 mm. 


Distribution: Coastal region of southern California. 

Host plants: Pinus cembroides, Pinus coultert. 

This species resembles P. obscurus Fall, but differs in having 
the head distinctly longer than broad and yellowish brown 
elytral fascia. It has been taken in Santa Barbara and Ventura 
Counties. 


(7) Poliaenus negundo (Schaeffer) 
Pogonocherus negundo Schaeffer, 1908, Bull. Brook. Inst., 1: 164. 
Pogonocherus negundo Fall, 1910, Ent. News, 21: 7. 
Pogonocherus negundo Linsley, 1930, Pan-Pacific Ent., 7: 79. 

Elongate, subcylindrical, clothed with a rather dense brownish 
pubescence intermixed with long, gray and brown flying hairs. Head 
broader than long, densely clothed with gray and black pubescence; 
antennae annulated, longer than the body in both sexes. Prothorax 
transverse, discal tubercles obsolete; lateral tubercles rather obtuse. 
Elytra with a yellowish brown antemedian V-shaped area; basal and 
postmedian area dark brown, the latter mixed with gray; remaining 
surface mostly grayish brown; apices rounded. Body beneath clothed 
with grayish brown pubescence. Length, 6-9.5 mm. 








Distribution: Mountains of southern Arizona. 

Host plants: Acer negundo, Rhus cismontanus. 

This species is somewhat similar in appearance to P. volitans 
Lec., but may be easily distinguished by the length of the 
antennal scape and absence of definite elytral costae and dorsal 
prothoracic tubercles. It breeds in both Acer negundo and 
Rhus cismontanus, and on the latter host it may be taken 
frequently with Leptostylus falli Linsley, which it resembles 
closely in size and coloration. 


(S) Poliaenus volitans (LeConte) 


Lophopoeum volitans LeConte, 1873, Smiths. Misc. Coll. XI, 264, p. 232. 
Pogonocherus volitans Leng and Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 136. 
Pogonocherus volitans Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 103. 
Pogonocherus volitans Fall, 1910, Ent. News, 21: 7. 

Pogonocherus volitans Linsley, 1930, Pan-Pacific Ent., 7: 85. 

Poliaenus hirsutus Bates, 1880, Biol. Centr.-Amer. Coleopt., 5: 120. 


Elongate, subcylindrical, clothed with pale brownish pubescence. 
Antennae pale, rufescent, annulated; scape attaining the lateral pro- 
thoracic tubercle. Prothorax transverse; lateral and discal tubercles 
prominent. Elytra rather densely pubescent; base, median area at 
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sides, and apex darker; elytra pubescence obscuring the basal punctation; 
apices obliquely truncate. Length, 5-8 mm. 


Distribution: Guatemala and Lower California. 

This is one of our finest species, easily known by its brownish 
coloration and the long antennal scape. An example of P. 
hirsutus Bates, very kindly loaned by Mr. K. G. Blair of the 
British Museum, I find upon comparison, agree in all essentials 
with LeConte’s type of P. volitans, as well as with other examples 
before me from Lower California. 


(9) Poliaenus batesi Linsley 
(Plate I, Fig. 1) 
Poliaenus batesi Linsley, 1933, Bull. Brooklyn Ent. Soc., 28: 183. 

Piceous, clothed with rather sparse, short, brownish pubescence. 
Antennae fuscus, annulated. Prothorax transverse, lateral and discal 
tubercles prominent, obtuse. Elytra rather sparsely pubescent; 
punctation coarse, especially in basal region; antemedian V-shaped area 
pale grayish brown; elytral hair pencils brown, mixed with orange; 
apices rotundate-truncate. Length, 9 mm. 


Distribution: Guatemala. 

Related to P. volitans Lec., but somewhat larger and differ- 
ing in the shape of the elytral apices, the color of the legs, 
antennae, elytral pubescence, and in the coarse, conspicuous 
punctation of the base of the elytra. 


Genus Ecteneolus Bates 


Ecteneolus Bates, 1885, Biol. Centr.—Amer. Coleopt. (Suppl.) 5:356. 


Body elongate, without flying hairs. Head subconcave 
between the antennae; front short, convex; eyes coarsely granu- 
lated; antennae shorter than the body (female), clothed on 
inner side with flying hairs, segments three to eleven gradually 
decreasing in length toward apex. Prothorax stout, cylindrical, 
armed with lateral tubercles. Elytral apices shortly, obtusely 
truncate. Anterior coxal cavities broadly angulated, open. 
Femora clavate; intermediate tibiae with an external sinus. 


Genotype: Ecteneolus flohri Bates. 

This genus has not been seen and the above characters 
are drawn from Bates’ description and the remarks following 
the description. It resembles Ecyrus in the absence of long 
flying hairs from the body, but because of the lateral tubercles 
of the prothorax I have associated it with Poliaenus. 
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) Ecteneolus flohri Bates 
Ecteneolus flohri Bates, 1885, Biol. Centr.-Amer. Coleopt. (Suppl.), 5: 360. 
“‘Obscure fuscus, elytris griseis fasciis duabus valde undulatis (vel 
submacularibus) approximatis post- -medianis, obscure fuscis; thorace 


confertim, elytris sparsim irregulz iriter, —— itis; antennis fusco-rufis, 
articulis a 3 basi carneogriseis. Long. 6 lin.” —Original description. 


” 


Distribution: ‘*‘Mexico, near the city. 


Genus Ecyrus LeConte 
Ecyrus LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 160-161. 
Ecyrus Leng and Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 136-137. 
Ecyrus Linsley, 1930, Pan-Pacific Ent., 7: 85-90. 

Robust, subcylindrical, body without long flying hairs. 
Head concave between the antennal tubercles; vertex with 
two short carinae; antennae slender, longer than the body in 
both sexes, clothed on inner side with long flying hairs; scape 
stout, clavate, fourth segment incurved, longer than third, 
remaining segments diminishing in length toward apex. Pro- 
thorax cylindrical, without lateral tubercles; dorsal tubercles 
usually small or obsolete. Elytra elongate, parallel-sided, 
convex, apices rounded or subtruncate. Anterior coxal cavities 
narrowly angulated, nearly closed; middle coxal cavities open. 
Femora clavate; intermediate tibiae with an external sinus. 
Genotype: Lamia dasycera Say. 

Bates (1880) places this genus in the tribe Acanthoderini, 
associating it with Alphus and Myoxinus, but the majority 
of its characters seem to point to a relationship with Poliaenus 
and the tribe Pogonocherini. In fact the larvae of P. negundo 
can scarcely be distinguished from the larvae of Ecyrus dasycerus 
(Craighead, 1923). 

The genus Ecyrus differs from the other members of the 
tribe in the absence of flying hairs from the body, evenly 
rounded sides of the prothorax, short, clavate antennal scape, 
long incurved fourth antennal segment, and narrowly angu- 
lated anterior coxal cavities. 

TABLE OF SPECIES OF ECYRUS 
Discal area of prothorax armed with prominent dorsal tubercles 
Discal area of prothorax without dorsal tubercles. 
1. Pronotum with small round black asperities 

Pronotum without small black asperities 
2. Pale reddish brown; pubescence white, brownish, or yellowish; small 

species, less than 10 mm. in lengt a ise awaeloNR Mem wace eas ‘ 


Dark brown; pubescence mostly bluish gray, intermixed with pale and 
darker brown; larger species, 13 mm. Grenada. (1) hirtipes 


wm bo Ore 


nw 
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3. Body elongate; basal crest of elytra large, distinct; elytra “ee, con- 
spicuous pale markings. 8.5 mm. Puerto Rico........!....... ) flavus 

Body rather short; basal elytral crest inconspicuous; elytra with an ans ; 

median, white fascia and a narrow, ante-median, dark brownish band. 
6mm. Puerto Rico.. sec ahd cane. 6 aed Fae nee aaa (3) nanus 

4. Pale reddish brown; pubescence whitish, brownish, and yellowish; each 
elytron with a hana tuft of hairs. Smm. Haiti...........<«: (4) hoffmani 

Brownish black; pubescence mottled brown and whitish; each elytron with 


four tufts Of Tate. GF si, Ca sche ov nc ee oche vadeceses (5) insularis 
5. Elytra with three rows of irregularly “P vaced tufts of short setae, and a 
narrow, lunate, transverse subbasal black line. iaete ene aw a 


Elytra with a single row of three fz ieutelen of long erect black hairs; lunate 
subbasal line not evident. 6-11 mm. Mexico and Southern Texas, 
(6) penicillatus 
6. Elytra with a distinct postmedian pale fascia. 
Elytra more or less unicolorous Coed ewe oa as we wae nena d eas sae 8 
7. Prothorax nearly as long as broad, parallel -sided. 9-11 mm. Mexico, 
(7) arcuatus 
Prothorax distinctly transverse, sides rounded. 8-11 mm. Texas, 


(8) texanus 
8. Pubescence sparse, cinereous; elytral punctation coarse, not obscured by 
the pubescence. 6.5-10 mm. Eastern North America ..(9) dasycerus 
Pubescence dense, white; elytral punctation fine, somewhat obscured by 
the pubescence. 6.5-7 mm. Florida....... .....(9a) dasycerus floridanus 
Ecyrus hirtipes Gahan 
Ecyrus hirtipes Gahan, 1895, Trans. Ent. Soc. Lond., p. 127, T. 2, Fig. 6 


Ecyrus hirtipes Linsley, 1930, Pan-Pacific Ent., 7: 69. 

Dark brown, clothed with bluish gray pubescence. Prothorax with 
two large pubescent tubercles and numerous small round black 
asperities above. Elytra at base with a tuft of erect brownish an 
costae evident, with a line of punctures between each interval; apices 
obliquely truncate. Legs and underside of body rather densely clothed 
with long, flying, grayish white hairs. Length, 13 mm. 


Distribution: Grenada. 

This species is at once recognizable by the bluish gray 
pubescence and the long flying hairs on the legs and lower 
surface of the body. It is also the largest known member of 
the genus. 


Ecyrus flavus Fisher 
Ecyrus flavus Fisher, 1932, Proc. U. S. N. M., 80: 80. 


Pale reddish brown, densely clothed with short whitish and yellowish 
pubescence. Head as long as broad, sparsely, coarsely punctured, 
clothed with a short yellowish white pubescence; antennae reddish 
brown. Prothorax slightly transverse, armed with two acute dorsal 
tubercles placed slightly in front of middle. Elytra tricostate, with a 
tuft of ane hairs near the base, and a smaller, inconspicuous tuft 
behind the middle; punctures arranged in double rows between the 
elevated intervals; pubescence whitish and yellowish, with a narrow, 
obliquely transverse, antemedian, dark brown fascia; apices transversely 
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truncate. Body beneath clothed with long recumbent whitish hairs. 
Length, 8.5 mm. 


Distribution: Puerto Rico. 

According to its describer, this species is related to E. 
insularis Fisher, but differs in being reddish brown without 
conspicuous pubescent markings on the elytra and with small 
round black asperities on the pronotum. Only the type is 
known. 


(3) Ecyrus nanus Fisher 

Ecyrus nanus Fisher, 1932, Proc. U. S. N. M., 8: 79 

Short, robust, reddish brown, clothed with whitish, brownish, and 
yellowish pubescence. Head about as broad as long; antennae uniformly 
reddish brown, clothed with short, whitish pubescence. Prothorax 
armed with two obtuse dorsal tubercles and numerous small, round, 
black asperities. Elytra tricostate, with a tuft of pale brownish hairs 
near the base; punctation arranged in double rows between the intervals; 
median fascia whitish, obliquely transverse, bordered anteriorly by 
narrow brownish fascia; apices feebly obliquely truncate. Length, 6 mm. 


Distribution: Puerto Rico (Boqueron and Mayaguez). 

This species differs from the preceding in the broad white 
median elytral fascia, the shorter, stouter form, and the less 
conspicuous basal elytral crest. 


(4) Ecyrus hoffmani Fisher 

Ecyrus hoffmani Fisher, 1932, Proc. U. S. N. M., 8: 78 

Elongate, reddish brown, densely clothed with whitish, brownish, 
and yellowish pubescence. Head longer than broad; antennae clothed 
with short whitish pubescence; feebly annulated with brown. Pro- 
thorax with two acute dorsal tubercles, without trace of asperities. 
Elytra tricostate, with a tuft of brownish hairs near base; punctures 
arranged in double rows between the costae; pubescence whitish, 
yellowish and brownish; median fascia broad, white, bordered anteriorly 
by a narrow, oblique, brown fascia; apices feebly obliquely truncate. 
Length, 8 mm. 

Distribution: Haiti (Hinche). 

Related. to E. nanus Fisher, but differing in the more 
elongated form and absence of small black asperities from the 
pronotum. 


(5) Ecyrus insularis Fisher 
Ecyrus insularis Fisher, 1932, Proc. U. S. N. M., 8: 76. 


Elongate, brownish black, pubescence mottled brownish and whitish. 
Head longer than broad; antennae clothed with whitish hairs, annulated 
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with brown. Prothorax slightly transverse, with two rounded spots 
of yellow pubescence; armed with two dorsal tubercles. Elytra 
tricostate, with four tufts of long erect hairs; pubescence whitish, 
yellowish, and dark brownish, intermixed with two narrow longitudinal 
vittae; apices obliquely truncate. Length, 6-10 mm. 


Distribution: Cuba. 

This species is easily known by the two yellow fascia on 
the pronotum, the four tufts of hair on the elytra, and the 
absence of pronotal asperities. 


(6) Ecyrus penicillatus Bates 
Plate I, Fig. 7) 
Ecyrus penicillatus Bates, 1880, Biol. Centr.-Amer. Coleopt., 5: 137. 
Ecyrus penicillatus Linsley, 1930, Pan-Pacific Ent., 7: 89. 
Ecyrus fasciatus Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 137. 
Ecyrus fasciatus Linsley, 1931, Pan-Pacific Ent., 7: 105. 

Robust, brownish piceous, clothed with a dense chalky white 
pubescence. Head narrow; antennae longer than the body in the male, 
shorter than the body in the female; pubescence white, annulated with 
brownish. Prothorax about as long as broad, gradually narrowed 
anteriorly; disc finely tuberculose; pubescence dense, white. Elytra 
with three fascicles of long erect blackish hairs placed in a single line; 
antemedian fascia broad, fuscoug; apices rounded. Legs variegated 
with dark brown, tarsi clothed beneath with a pad of dense yellow 
hairs. Lower surface more sparsely clothed with grayish white hairs. 
Length, 6-11 mm. 

Distribution: Southern Texas to Vera Cruz, Mexico. 

Host plant: Salix. 

This species is one of the finest of our Lamiinae. Its 
chalky white pubescence variegated with patches of dense 
and sparser hairs and a broad antemedian fascia, gives it the 
appearance of a piece of lichen. The adult beetles may be 
collected in late May, June, and early July from dead branches 
of willow. Mr. K. G. Blair very kindly compared typical 
examples of E. fasciatus from Texas with the type of E. penicil- 
latus from Vera Cruz, and found them to be identical. 


(7) Ecyrus arcuatus Gahan 
(Plate I, Fig. 9) 
Ecyrus arcuatus Gahan, 1892, Trans. Ent. Soc. Lond., p. 259, T. 12, Fig. 2. 
Ecyrus arcuatus Linsley, 1930, Pan-Pacific Ent., 7: 90. 
Elongate, cinereous. Head clothed with yellowish white pubescence; 
antennae slightly longer than the body in the female, distinctly so in 
the male. Prothorax nearly as long as broad, parallel-sided. Elytra 
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coarsely punctured, tricostate, the costae and suture with a series of 
short tufts of brownish setae; ante-median pale area arcuate, clothed with 
grayish white pubescence; apices truncate. Length, 9-11 mm. 

Distribution: Mexico (Yucatan). 

This species is very closely related to E. dasycerus Say, 
but it is distinguished by its larger size and ante-median pale 
area. Itis probably more closely related to E. texanus Schaeffer, 
differing mainly in the more parallel-sided prothorax. 


(S) Ecyrus texanus Schaeffer 
Plate I, Fig. 8) 
Ecyrus texanus Schaeffer, 1908, Bull. Brook. Inst., 1: 347. 
Ecyrus texanus Linsley, 1930, Pan-Pacific Ent., 7: 90. 

Robust, clothed with brown, fulvous, and whitish pubescence. 
Head rather densely clothed with grayish brown pubescence; antennae 
annulated, longer than the body in both sexes. Prothorax transverse, 
surface finely tuberculose. Elytra coarsely punctate; median fascia 
whitish, oblique, bordered behind with a band of black pubescence 
which is narrowed at the suture; subapical fascia white; basal and 
apical region variegated with fulvous and dark brown; apices obliquely 
truncate. Length, 8.5-11 mm. 

Distribution: Brownsville, Texas. 

Host plant: Acacia farnesiana. 

This species was described as a variety of EK. dasycerus 
and has been treated as such by recent authors. However, 
in a long series of specimens collected by the writer at Browns- 
ville, Texas, in May and June, 1932, none of the examples 
show any intergradation with that species. E. texanus is 
distinct in size, form, coloration, host plant and distribution. 
It seems, therefore, justifiable to consider it a distinct species. 


(9) Ecyrus dasycerus Say 

Lamia dasycera Say, 1827, Jour. Acad. Nat. Sci. Phil., 5: 270. 
Ecyrus dasycerus LeConte, 1852, 1. c., (2) 2: 160. 
Ecyrus dasycerus Leng & Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 137. 
Ecyrus dasycerus Linsley, 1930, Pan-Pacific Ent., 7: 89. 
Lamia obscura Haldeman, 1847, Trans. Amer. Phil. Soc., 10: 50. 
Ecyrus exiguus LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 161. 
Ecyrus exiguus Gahan, 1892, Trans. Ent. Soc. Lond., p. 259. 
Ecyrus exiguus Leng and Hamilton, 1896, Trans. Amer. Ent. Soc., 23: 137. 

Elongate, subparallel, clothed with cinereous pubescence. Antennae 
annulated, longer than the body in both sexes. Prothorax transverse. 
Elytra indistinctly tricostate, the costae indicated by small irregularly 
spaced tufts of setae; apices truncate. Legs clothed with short, cinereous 
hairs. Length, 6.5-10 mm. 
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Distribution: Eastern North America. 

Host plants: Castanea, Quercus, Robinia, Celtis, Acer, 
Paulownia, Ampelopsis, and Tilia. 

A rather common species found from April to July in eastern 
United States and Canada. It is readily known by the more 
or less uniform cinereous pubescence. 


(9a) Ecyrus dasycerus subsp. floridanus Linsley, new subspecies 

Similar in size and form to E. dasycerus, but differing in the elytral 
pubescence being denser and the punctation finer. The body is clothed 
with a dense white pubescence. Length, 6-S mm. 

Distribution: Florida. 

Type male, and allotype female, collected by Dr. W. S. 
Blatchley at Royal Palm Park, Florida, March 1924; paratype: 
Miami, Florida, April 21, collected by Mr. J. N. Knull. 


Genus Sarillus Bates 
Sarillus Bates, 1885, Biol. Centr.-Amer. Coleopt. (Suppl.), 5: 359. 

Cylindrical, clothed with long flying hairs. Head broad, 
subquadradrate, concave between the antennae; antennae 
longer than the body in both sexes; scape stout, not clavate, 
third segment shorter than scape, fourth segment about twice 
as long asthird. Prothorax slightly transverse; lateral tubercles 
acute at apex. Elytra with a subbasal crest; apices rounded. 
Anterior coxal cavities narrowly angulated externally; inter- 
mediate cavities nearly closed. Femora clavate; intermediate 
tibiae with an external sinus. 


Genotype: Sarillus pygmaeus Bates. 

This genus was originally associated by Bates with Poliaenus 
and placed in the Pogonocherini. Aurivillius (1923) places it 
in the tribe Ptericoptini. The tarsal claws, however, are not 
divergent as in that group and the essential characters agree 
more closely with Pogonocherus than with any member of the 
Ptericoptini. 

(1) Sarillus pygmaeus Bates 
Sarillus pygmaeus Bates, 1885, Biol. Centr.-Amer. Coleopt. (Suppl.), 5: 359. 

Pubescence variegated with brownish, grayish, and black. Antennae 
pale reddish, annulated with brown; scape variegated with dark brown. 
Prothorax brownish, finely punctured. Elytra with a subbasal fascicle 
of brown hairs; antemedian pale area grayish, postmedian dark brown, 
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narrowed at the suture, apical area pale gray; apices rounded. Legs 
pale reddish, tarsi padded beneath with a dense patch of yellow hairs. 


>= 


Length, 3.5-5 mm. 


Distribution: Panama and Guatemala. 

This little species looks very much like a small Pogonocherus 
with the color pattern and rounded elytral apices of a Poliaenus. 
It may be separated from these genera by the stout, non- 
clavate antennal scape and very short third segment of the 
antennae. Examples have been seen from Bugaba, Panama 
(Champion); Paraiso, Canal Zone (E. A. Schwarz); and Livings- 
ton, Guatemala (Barber and Schwarz), all in the collection of 
the United States National Museum. 


Genus Lophopogonius Linsley, new genus 


Elongate, subcylindrical, clothed with long, recumbent 
pubescence intermixed with flying hairs. Head very concave 
between the antennal tubercles; antennae slender; scape stout, 
clavate, shorter than third segment; fourth segment longer 
than third, distinctly incurved, remaining segments diminishing 
gradually in length toward apex. Prothorax transverse, armed 
with elongate, blunt, lateral tubercles; dorsal tubercles promi- 
nent, obtuse, with an elevated callous on median line at basal 
third. Elytra elongate, subparallel, humeri prominent, costae 
evident but not distinct; subbasal region with a large, elongated, 
laterally compressed ridge; apices emarginate-dentate. Anterior 
coxal cavities broadly angulated, open externally; intermediate 
coxal cavities also angulated, open. Femora clavate; inter- 
mediate tibiae with an external sinus. First segment of 
posterior tarsi nearly twice as long as second segment. 


Genotype: Pogonocherus crinitus LeConte. 

This genus is established for a species which differs radically 
from other members of the genus Pogonocherus and cannot 
conveniently be retained in that group. Dr. George Horn 
(1878) was the first to suggest that it was not congeneric with 
the other species of Pogonocherus, but at that time only four 
species were known and he hesitated dividing the genus. The 
most important characters separating Lophopogonius from 
Pogonocherus are the elongated, blunt, lateral prothoracic 
tubercles, the elevated subbasal elytral ridge, the broadly 
angulated anterior coxal cavities, and the long first segment of 
the posterior tarsi. 








“ 
a) 
or 
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(1) Lophopogonius crinitus (LeConte) 
(Plate I, Fig. 12) 


rinitus LeConte, 1873, Smiths. Misc. Coll., 11:267. 
rinitus Horn, 1878, Trans. Amer. Ent. Soc., 7: 42. 
rinitus Leng and Hamilton, 1896, 1. c., 23: 135. 
-rinitus Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 102. 
rinitus Fall, 1910, Ent. News, 21: 7. 


rinitus Linsley, 1930, Pan-Pacific Ent., 7: 80. 


Pogonoche } 
ogonocnerus 
Pogonocherus 
Pogonocherus 
Pogonoc herus 
Pogonoe nerus 
Povgonocherus 
4 g ocneru 


Densely clothed with ashy gray pubescence. Head coarsely 
punctured; antennae annulated, slightly longer than the body in the 
female, distinctly so in the male. Prothorax coarsely punctured, 
densely clothed with ashy gray pubescence. Elytra coarsely punctured 
throughout, densely clothed with ashy gray pubescence, variegated 
with paler or darker hairs, but without a conspicuous pale fascia; 
flying hairs whitish, intermixed with suberect brownish hairs on dorsal 
surface. Length, 6-10 mm. 


Distribution: Pacific Coast of North America. 

Host plants: Quercus agrifolia, Q. garryana. 

This species is distinguished by the ashy gray pubescence 
without conspicuous pale areas on the elytra, and by the very 
long flying hairs covering the legs, antennae, and upper and 
lower surface. It breeds in dead branches of Live Oak, and 
the adults are active in early spring (February to May). 


Genus Pogonocherus Zetterstedt 


Pogonocherus Zetterstedt, 1828, Fauna Ins. Lapponica, p. 364. 
Pogonocherus LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 159. 
Pogonocherus Lacordaire, 1872, Genera des Coleopt., 9: 653. 
Pogonocherus Horn, 1878, Trans. Amer. Ent. Soc., 7: 42. 
Pogonocherus Leng and Hamilton, 1896, 1. c., 23: 135. 

Pogonocherus Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 102-103. 
Pogonocherus Fall, 1910, Ent. News, 21: 5-9. 

Pogonocherus Casey, 1913, Mem. Coleopt., 4: 345-349. 
Pogonocherus Linsley, 1930, Pan-Pacific Ent., 7: 79-90. 

Pityphilus Mulsant, 1863, Coleopt. France, Longicornes, ed. 2, p. 302. 
Pityphilus Lacordaire, 1872, Genera des Coleopt., 9: 653, nota 2. 
Pityphilus Linsley, 1930, Pan-Pacific Ent., 7: 78. 

Robust, subcylindrical, clothed with a short, recumbent 
pubescence intermixed with long flying hairs. Head large, 
strongly concave between the antennal tubercles; antennae a 
little longer than the body, usually annulated, clothed along 
the inner side with long flying hairs; scape stout, clavate, 
shorter than third segment; fourth segment longer than third, 
incurved, remaining segments diminishing gradually in length 
toward apex. Prothorax transverse, cylindrical, with a short, 
acute, lateral tubercle. Elytra short, with or without costae, 


often with tufts of erect hairs. Anterior coxal cavities angu- 
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lated, open externally. Femora clavate; intermediate tibiae 
with an external sinus. 


Genotype: Cerambyx fasciculatus DeGeer. 

Distinguished from other genera in the tribe by the pro- 
portions of the first, third, and fourth antennal segments, the 
shape of the anterior coxal cavities, and the form of the elytra. 
The species may be conveniently divided into two subgenera: 


Elytral apices rounded or truncate Pogonocherus 
Elytral apices emarginate or emarginate-dentat« Eupogonocherus 


Subgenus Pogonocherus Zetterstedt 


In this subgenus belong P. fasciculatus DeG. (type), P. 
ovatus Goeze, P. decoratus Fairm., and other Palaearctic species 
with rounded or truncate elytral apices. This is the group 
to which Mulsant (1863) applied the name Pityphilus, in- 
correctly restricting the name Pogonocherus to the group in- 
cluding P. hispidus Linn. and P. hispidulus Piller. Zetterstedt, 
in his original description of the genus, includes only P. fasct- 
culatus which must therefore remain the genotype. Only one 
species of the restricted genus occurs in North America. 


) Pogonocherus (s. str.) penicillatus LeConte 
Pogonocherus penicillatus LeConte, 1850, Agassiz Lake Sup., p. 234. 
Pogonocherus penicillatus Horn, 1878, Trans. Amer. Ent. Soc., 7: 42. 
Pogonocherus penicillatus Leng and Hamilton, 1896, 1. c., 23: 135. 
Pogonocherus penicillatus Casey, 1913, Mem. Coleopt., 4: 346. 
Pogonocherus penicillatus Linsley, 1930, Pan-Pacific —* @: 79. 
Pogonocherus penicellatus LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 160. 
Pogonoc herus penicellatus Schaeffer, 1909, Jour. N. .. Ent. Soc., 17: 102. 
Pogonoc herus penicellatus Fall, 1910, Ent. News, 21: 
Pogonocherus alaskanus Schaeffer, 1908, Bull. he ig Inst., 1: 385. 

Robust, reddish brown, clothed with brown and white pubescence. 
Head rather broad; antennae reddish brown to piceous, annulated, 
slightly longer than the body in the female, distinctly so in the male. 
Prothorax transverse, with a shining median tubercle; punctation 
moderately fine. Elytra tricostate, with four tufts of erect black hairs 
along inner costae; surface coarsely punctured; pubescence variegated 
brownish, black, and fulvous, with an oblique antemedian white fascia; 
apices variable, truncate or rounded. Legs variegated with gray and 
brownish pubescence. Body beneath clothed with long gray hairs. 
Length, 4.5-6 mm. 


Distribution: Eastern North America to Rocky Mountains, 
and British Columbia to Alaska. 
Host plant: Picea. 
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This is a very widely distributed species, ranging from 
Eastern United States and Canada westward to the Rocky 
Mountains and British Columbia. From the latter region it 
extends up the coast into Alaska where it occurs on Picea 
englemanni. It is easily recognizable by the four fascicular 
tufts of hair on the elytra and the well defined ante-median 
white fascia. 


Subgenus Eupogonocherus Linsley, new subgenus 


In this group belong those species with emarginate or 
emarginate-dentate elytral apices (i. e. the majority of the 
Palaearctic and North American species). Type: Cerambyx 
hispidus Linn. 


KEY TO THE NORTH AMERICAN SPECIES OF EUPOGONOCHERUS 


Prothorax with a small, round, shining, median tubercle; elytra with tufts of 
erect black setae... 
Prothorax without median tubercle; elytra without tufts of setae 
1. Elytral costae not evident; tufts of erect black elytral setae three or less. 
Elytra tricostate, with four or more tufts of erect black setae along inner 
costae; ante-median elytral fascia acute. 5.5-9mm. Pacific Coast and 
Rocky Mountains .... (1) propinquus 
2. Fulvous, with three small tufts of erect black hairs on each elytron; 
abdominal segments densely clothed along the sides with long, white, 
pubescence. 13mm. Arizona ; EP ree ........(2) arizonicus 
Reddish brown, with two tufts of erect hairs on each elytron; abdominal 
segments sparsely clothed at sides with pale pubescence. 6 mm. 
Arizona....... 5 Laie Ses Wa WRkS's eielg Seer ils ka WAR gk: Oe 
3. Elytral costae not evident; antennal scape moderate. . 5 


Now 


meee 5 
Elytra subcostate; antennal scape stout. 5.5-7.56 mm. North Pacific 
Coast and Rocky Mountains (4) pictus 


4. Elytra and entire upper surface with long suberect hairs; prothorax as 
broad as long. 4.5-6.5 mm. Northern and colder parts of North 
America rr aac eerie te oe cane wanes ..(5) mixtus 

Elytra and upper surface without long suberect hairs; prothorax distinctly 
transverse. 4.5-6mm. Northern and colder parts of North America, 
(6) parvulus 


(1) Pogonocherus (Eupogonocherus) propinquus Fall 
(Plate I, Fig. 11) 
Pogonocherus propinquus Fall, 1910, Ent. News, 21: 6. 
Pogonocherus propinguus Linsley, 1930, Pan-Pacific Ent., 7: 80. 

Piceous, clothed with gray and white pubescence. Antennae 
annulated, about as long as the body in the female, slightly longer in 
the male. Prothorax transverse, with two moderate discal tubercles 
and a small polished median tubercle. Elytra tricostate, the lateral 
costae evanescent at base; inner costae with several tufts of black 
setae; apices emarginate. Length, 5.5-9 mm. 


Distribution: Pacific Coast and Rocky Mountains. 
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Host plants: Pinus ponderosa, P. contorta, P. monticola. 

In this species there are usually five fascicles of short, 
suberect hairs on the elytra and the ante-median pale fascia 
of the elytra is acute. The adults beetles are found in the 
middle and higher altitudes of Pacific Coast and Rocky 
Mountains on Pinus. 


(2) Pogonocherus (Eupogonocherus) arizonicus Schaefler 
Pogonocherus arizonicus Schaeffer, 1908, Bull. Brook. Inst., 1: 346. 
Pogonocherus arizonicus Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17 :102. 
Pogonocherus arizonicus Fall, 1910, Ent. News, 21: 8. 
Pogonocherus arizonicus Casey, 1913, Mem. Coleopt., 4: 346. 

t...5 


Pogonocherus arizonicus Linsley, 1930, Pan-Pacific Ent., 7: 80. 


Elongate, subparallel, clothed with fulvous and white pubescence. 
Head coarsely, sparsely punctate; antennae annulated, subequal in 
length to body (female). Prothorax as broad as long, with a small, 
shining, median tubercle. Elytra coarsely, sparsely punctate; fulvous, 
antemedian fascia whitish, a series of three tufts of short erect black 
hairs near the suture. Abdominal segments at sides and apex densely 
pubescent with long recumbent hairs. Length, 13 mm. 

Distribution: Arizona (Huachuca Mts.). 

Host plant: Pinus. 

This is our largest species of Pogonocherus. It is readily 
distinguished by the absence of elytral costae and the three 
tufts of setae on the elytra. It occurs at high altitudes in 
the Huachuca Mountains. 


(3) Pogonocherus (Eupogonocherus) medianus Linsley, new species 
(Plate I, Fig. 10 

Elongate, reddish brown, clothed with brownish, white, and black 
pubescence. Antennae annulated, longer than the body (male). 
Prothorax slightly transverse, with a small median polished tubercle. 
Elytra brownish, with a broad antemedian white fascia which narrows 
behind to a thin line and becomes evanescent toward apex; on the white 
line are two tufts of erect black setae; apices emarginate-dentate. 
Abdominal segments evenly, sparsely clothed with pale pubescence. 
Length, 6 mm. 


Distribution: Arizona (Chiricahua Mts.). 

Type, male, collected by the writer in the Chiricahua 
Mountains, Arizona, on July 6, 1930. The species is related 
to P. arizonicus Schaeffer, but differs in its smaller size, brownish 
color, sparse pubescence on the abdominal segments, and in 
having only two tufts of erect black setae on the elytra. 
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Pogonocherus (Eupogonocherus) pictus Fall 


Pogonocherus pictus Fall, 1910, Ent. News, 21: 6. 
Po gonoc herus pictus c asey , 1913, Mem. Cole opt., 4: 356. 


Pog gonoc herus pictr 4s Linsl 1930, Pan- Pacific Ent., 7: 80. 
Pogonocherus simplex Hamiiton, 1896, Trans. Amer. Ent. Soc., 23: 135. 
Pogonoc herus emarg maltus Cs \ 1913, Mem. Coleopt., 4: 347. 


Pogonocherus fastigiatu s Caaes y; 1913, l. c., p. 348. 

Piceous, variegated with white and brownish pubescence. Antennal 
scape stout. Elytra subcostate; antemedian white band broad at 
suture, not reaching the side margin; apices emarginate or emarginate- 
dentate. Length, 5.5-7 mm. 

Distribution: Rocky Mountains and North Pacific Coast 
Region. 

Host plants: Pinus ponderosa, P. flexilis, P. contorta and 
Larix occidentalis. 

This species is very closely related to P. mixtus Hald. 
but differs in having subcostae elytra and a very stout antennal 


scape. 


Pogonocherus (Eupogonocherus) mixtus Haldeman 


Pogonocherus mixtus Haldeman, 1847, Trans. canes r. Phil. Soc. (2) 10:50. 
»gonocherus mixtus LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 160. 
( ogono herus mixtus Horn, 1878, Trans. Amer. Ent. Soc., 7: 42. 


D 


Pogonocherus mixtus Leng and Hamilton, 1896, 1. c., 23: 136. 
Pogonocherus mixtus Schaeffer, 1909, Jour. N. Y. Ent. Soc., 17: 102. 
Pogonocherus mixtus Casey, 1913, Mem. Coleopt., 4: 348. 


Pr 
I 
Po gonocherus mixtus Fall, 1910, Ent. News, 21: 9. 
I 


-ogonocherus mixtus Linsley, 1930, Pan-Pacific Ent., 7: 80. 
Pogonocherus simplex LeConte, 1873, Smiths. Misc. Coll., 11: 237. 
Pogonocherus simplex Casey, 1913, Mem. Coleopt., 4: 348. 

Elongate, subparallel, piceous, variegated with white and brownish 
pubescence. Prothorax as broad as long, without a median tubercle. 
Elytra striately punctured, without costae or fascicular tufts; post- 
median pale area broad, attaining the sides but seldom reaching the 
suture; apices emarginate-dentate. Underside sparsely clothed with 
pale recumbent hairs. Length, 4.5-6 mm. 


Distribution: Eastern North America, Rocky Mountains, 
and North Pacific Coast Region. 

Host plants: Pinus, Picea. 

A very widely distributed species occurring on pines from 
the Atlantic Coast to British Columbia. It is easily known by 
the long, suberect hairs of the upper surface and elytra. 


(6) Pogonocherus (Eupogonocherus) parvulus LeConte 


Pogonocherus parvulus LeConte, 1852, Jour. Acad. Nat. Sci. Phil. (2) 2: 160. 
Pogonocherus parvulus Casey, 1913, Mem. Coleopt., 4: 346. 

Pogonocherus parvulus Linsley, 1931, Pan-Pacific Ent., 7: 106. 

Pogonocherus salicicola Casey, hg 3, Mem. Coleopt., 4: 347. 

Pogonocherus salicicola Linsley, 1930, Pan-Pacific Ent., 7 : 81. 
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Elongate, piceous, variegated with whitish pubescence. Head 
broad, antennae annulated, longer than the body in the male, subequal 
in length to the body in the female. Prothorax transverse. Elytra 
without costae or fascicular tufts of hair; antemedian pale area acute, 
median fascia dark brown, apical area variegated with brownish and 
white pubescence; apices emarginate-dentate. Body beneath sparsely 
clothed with recumbent pale hairs. Length, 4.5-6 mm. 


Distribution: Colder and more northern parts of North 
America. 

Host plant: Salix. 

This species is closely related to the preceding, but may 
be distinguished by the absence of long, suberect hairs on the 
elytra and upper surface. P. mixtus usually occurs on conif- 
erous trees, P. parvulus on Salix. 


APPENDIX 


Genus Alphomorphus Linsley, new genus 


Robust, oblong, clothed with a short, dense pubescence, 
intermixed with long, flying hairs on the antennae, legs, and 
entire upper surface. Head large, subquadrate, longitudinally 
sulcate between the antennae; eyes coarsely granulated, with 
large callosities above; antennae longer than the body in both 
sexes; scape stout, attaining the lateral prothoracic tubercle, 
segments three and four subequal to first, remaining segments 
decreasing gradually in length toward apex. Prothorax broader 
than long; dorsal surface quadrituberculate, lateral tubercles 
large, bulbous; anterior coxal cavities rounded, closed externally ; 
intermediate coxal cavities closed behind. Elytra nearly two- 
thirds as broad as long, with a prominent subbasal crest; apices 
rotundate-truncate. Legs short; intermediate tibiae with an 
external sinus; ungues divaricate. 


9 


Genotype: Pogonocherus vandykei Linsley! (Plate I, Fig. 3). 
The exact affinities of this genus are rather puzzling. The 
species on which it is founded was originally placed in the 
Pogonocherini, but the receipt of fresh specimens has revealed 
a number of characters entirely out of keeping with that tribe. 
Its relationship seems rather with the Acanthoderini, particu- 
larly with such genera as Pycnomorphus, Alphus, and Myoxinus. 
In the form of the prothorax and elytra it most closely ap- 


1Pogonocherus vandykei Linsley. Pan-Pac. Ent., 7:82. 
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proaches Pycnomorphus, but differs from that, as well as all 
of the other known genera of the Acanthoderini, in the long 
flying hairs of the antennae, legs, and entire upper surface, 
as well as the elevated, crested, subbasal elytral tubercles. 
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EXPLANATION OF PLATE 


. Poliaenus batesi Linsley. 


Poliaenus californicus (Schaeffer 


1 
> 
3. Alphomorphus vandykei subsp. grandis Linsley. 
4 


Poliaenus obscurus ponderosae Linsley. 
5. Poliaenus albidus Linsley. 
6. Poliaenus oregonus (LeConte 
7. Ecyrus penicillatus Bates. 

8. Ecyrus texanus Schaeffer. 

9. Ecyrus arcuatus Gahan 
g. Pogonocherus medianus Linsley. 
g. 11. Pogonocherus propinquus Fall. 

Lophopogonius crinitus (LeConte 
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CACOECIA RILEYANA GROTE. AN UNUSUAL 
OCCURRENCE 


(Tortricidae: Lepidoptera) 


J. S. Houser, 
Wooster, Ohio 


Cacoecia rileyana Grote is a native insect described by 
Grote (1) in 1868 from four adults reared from hickory and 
snowberry by C. V. Riley. Presumably the larvae were 
collected in Missouri, inasmuch as Riley (2) states: ‘‘It was 
quite common in 1868 along the Iron Mountain Road and seems 
to be peculiar to Missouri.’’ The recorded distribution of this 
insect is somewhat vague due to the uncertainty of the literature 
concerning the identity of the species discussed. Several 
accounts, in addition to the Missouri record, may refer to 
synonymous or to distinct species. Forbes (3) records the 
insect for Pennsylvania, North Carolina, and Washington. 

The occurrence of the insect in Ohio was called to the 
attention of the writer by E. A. Drake, County Agricultural 
Agent of Greene County, and was confined to a pasture field 
about eight miles northwest of Xenia, Ohio. I visited the 
field May 30, 1934, and beheld a most spectacular sight. The 
pasture contained about six acres generously populated with 
low-growing, shrub-like trees, many of which were almost 
completely encased with glistening snow-white webs. ‘‘Ghost 
forest’’ seemed an apt descriptive term to apply to the scene 
(Fig. 1). 

Not only were the plants covered with the white webs, but 
in some instances a silken carpet had been constructed between 
trees, presumably as the larvae migrated to fresh feeding 
grounds after exhausting the foliage of the first tree attacked 
(Fig. 2). Speculations concerning the guiding sense which 
must have directed the larvae in their movements were 
inconclusive. 

Most of the larvae, which at that time were about an inch 
long and nearly full grown, were secreted in the masses of webbed 
foliage, but some were wandering about on the surface. 
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Ohio buckeye, Aesculus glabra Willdenow was the preferred 
host, although hickory, //icoria sp., was consumed with almost 
equal avidity. Hazelnut, Corylus americana Walt., was less 
seriously damaged; whereas, black walnut, Juglans nigra Linn, 
and American elm, U/mus americana Linn, were avoided. 

In so far as I was able to determine, the outbreak of the 
insect was confined to the pasture lot referred to. A woodland 
of tall trees adjoining the pasture was not attacked; and thus 
confirms the observations of Riley that low-growing trees are 
preferred. 

A webbed mass of material was taken to the laboratory, 
from which ten parasites emerged on June Sth. These were 
followed by other parasites, the last appearing June 11th. 
Adult moths appeared June 9th and continued until June 16th. 
The largest number of adults (51) emerged June 11th. 
Altogether 46 parasites and 127 moths emerged from the one 
lot of material, which was no larger in extent than the average 
sized web-mass of the fall webworm, //yphantria textor Harris. 
The moths were determined by A. Busck. The parasites con- 
sisted of three species as follows: 


38 specimens of Itoplectis conquisitor (Say), determined by R. A. Cushman. 


5 specimens of Brachymeria ovata (Say), determined by A. B. Gahan. 


3 specimens of Bassus agilis (Cress.), determined by C. F. W. Muesebeck. 


The site of the outbreak was visited again on July 12th 
During the interval between May 30th and July 12th, the 


insect had disappeared entirely and the condition of the foliage 
of the trees showed no evidence that additional feeding had 
occurred. 
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Cacoecia rileyana Grote 
J. S. Houser 


Fic. 1. Field with bushes covered by webs of the caterpillars of the 
tortricid, Cacoecia rileyana Grote. 


Fic. 2. Webbed trail of Cacoecia rileyana. 











| 


——————— ————— ES 


OVIPOSITION STUDIES ON THE CHINCH BUG, 
BLISSUS LEUCOPTERUS (SAY)! 


MELVIN J. JANES 


lowa State College, Ames, Iowa. 


A review of the literature on the chinch bug, Blissus 
leucopterus (Say), shows that little detailed study has been 
reported on the egg-laying potential of this insect. Shimer 
(1867) estimated that a female was capable of producing as 
many as 500 eggs. This figure has been reported by Chambliss 
(1895), Webster (1896), and other investigators. Johnson 
(1895) found that six females collected in the field, laid from 
98 to 237 eggs each under breeding cage conditions. Lugin- 
bill (1922) made individual counts on the daily egg production 
of four individuals. He reported the total number of eggs per 
female to range from 51 to 119 and mentioned that these 
females had probably begun to lay before they were captured 
in the field. 

A study of the oviposition of 81 females was made during 
the spring and summer of 1934 under conditions of constant 
temperature. The temperatures employed were 24.5° C., 
29.5° C. and 34.5° C. Temperature variation did not exceed 
+().5° C. Relative humidity was maintained within the range 
of 70 per cent to 100 per cent. The food consisted of young 
growing wheat shoots, usually four or five days old. These 
plants were grown in 25 x 50 millimeter shell vials which were 
about two-thirds filled with soil. The cages consisted of test 
tubes, 17 millimeters in diameter, with a flange around the 
mouth (Fig. 1). A pack of cotton was placed around the base 
of the food plant in the shell vials after which the test tube 
with the flanged end downward was inserted over the wheat 
sprout and into the mouth of the shell vial. The narrow space 
between the inner surface of the vial and the outer surface of 
the test tube was tightly wadded with cotton batting, which 
served to prevent the escape of the insects and to hold the test 
tube in an upright position. The bottom or closed end of the 
test tube was cut off and then stoppered with cotton. 


1Journal Paper No. J220, of the Iowa Agricultural Experiment Station. 
Project 420. 
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Egg counts were made regularly at 24-hour intervals. 
Each female was dissected at the time of her death, and the 
eggs contained in the ovaries, visible with the aid of a binocular 
microscope, were counted. 


b 
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Fic. 1. Cage used in oviposition studies of Blissus leucopterus. A., Shell vial 
with growing wheat plant. Dimensions 25 x 50 millimeters. B., Flange 
mouthed test tube with closed end removed. Dimensions 17 x 90 millimeters. 
C., Cage set up. a., cotton plugging. b., wheat plant. c., soil. 


The insects used in the experiments consisted entirely of 
material taken from the field. The overwintering adults were 
collected in favorable grassy hibernation quarters. In no case 
had the bugs been active nor had they left their winter haunts 
before the experiments were started. First and second genera- 
tion adults were obtained by selecting fifth instar nymphs from 
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the field and then caging them in the laboratory until they 
reached the imaginal stage. 

One male and one female were placed in each rearing cage. 
Mating took place frequently throughout the entire life of the 
female. In case injury or death of a male occurred, the insect 
was immediately replaced by another. 

Most of the eggs were laid in the cotton batting around the 
base of the plant. The ovipositor was inserted into the cotton 
and the eggs were usually placed among the fibers just beneath 
the surface. A few eggs, however, were laid in the cotton 
stopper at the top of the cage; some were placed on the plant; 
and now and then a few on the sides of the glass cage. 

The high daily rate and long sustained period of egg pro- 
duction made it necessary to maintain vigorously growing, 
succulent host plants in the oviposition cages in order to obtain 
the maximum number of eggs from each female. Poor, weak 
and unhealthy food plants had an immediate effect in reducing 
the rate of egg laying. It was therefore essential to change 
the wheat plants at least once every 24 hours. The importance 
of the food factor may readily be seen if a comparison is made 
between the total weight of the eggs produced and the weight 
of the egg-laying female. Soon after attaining the imaginal 
stage, and before it was placed in the breeding cage, each first 
generation bug was separately weighed. The females ranged 
in weight from 0.0018 to 0.0027 gram, and the males from 
0.0012 to 0.0020 gram. The average weights of long winged 
individuals, respectively, were 0.00154 gram and 0.0022 gram. 
The mean weight of newly emerged winged adults of the second 
generation was approximately equal to that of the first genera- 
tion bugs. During the oviposition period the weight of individ- 
ual gravid females would often reach 0.003 gram. The total 
weight of 1,105 newly laid eggs was 0.394 gram, an average of 
0.000035 gram per egg. One female deposited a total of 1,091 
eggs, approximately 14 times her own weight in eggs during a 
period of 72 days. This individual, soon after emergence in 
the spring, weighed 0.0027 gram and laid an average of 15 eggs 
per day, thus producing her own weight in eggs about every 
five days. The incubation period of the eggs was 7 days at 
34.5° C., and 15 days at 24.5° C. 

Following the work of Thompson (1922 a, b) and Chapman 
(1931) on the biotic potential of insects, it may be concluded 
that the high egg-laying potential of the chinch bug is one of the 
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important factors accounting for extremely rapid increases in 
the population of this insect. During the spring and summer 
of 1934, one female, maintained in connection with this study, 
laid, as mentioned above, a total of 1,091 eggs after emergence 
from winter hibernation. <A female of the first summer genera- 
tion laid 686 eggs and one of the second summer generation 
produced 594 eggs. These were the highest records obtained. 
Sex determinations of 5,000 hibernating adult chinch bugs 
were made during the winter of 1933-34. Of this number, 
2,489 were females and 2,511 were males. Assuming the sexes 
to be equal in number and basing calculations on the foregoing 
egg records, one pair of overwintered adults could potentially 
produce 1,091 first generation chinch bugs, 374,213 second 
generation and 111,141,261 third generation bugs. Two com- 
plete generations and one partial third generation of chinch bugs 
matured in Iowa during the summer of 1984. Field records 
indicate that the first bugs to mature of the second generation, 
approximately 25 per cent to 40 per cent of this generation, 
continued to develop and produced a third generation which 
reached its greatest proportions in the southern part of the 
state. Field records also indicate that there was a partial 
third generation of chinch bugs in Iowa in 1933. 


OVERWINTERED GENERATION 


A study was made of the oviposition and longevity of 34 
pairs of overwintered chinch bugs. The maximum individual 
production and the average total number of eggs laid were 
greater for the overwintered females than for either of the two 
succeeding generations. Data on the length of life apply to 
the period from the time of emergence from hibernation until 
death. This period for the overwintered forms exceeded the 
entire life span of the bugs of either the first or the second 
summer generation. In every case with respect to the various 
generations, the highest total individual egg production occurred 
at 29.5° C. This was also true for the average total production. 
The greatest number of eggs laid by a female in one day occurred 
in every case at 34.5° C. Longevity was decreased with each 
successive increase in temperature. 

Oviposition at 24.5° C.—Twelve pairs of overwintered chinch 
bugs were maintained at 24.5° C. A summary of data on 
oviposition and length of life is given in Table I. The lowest 
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number of eggs produced by an individual female was 312, 
laid over a period of 39 days. The highest number recorded 
was 766, laid in 94 days. The latter was an average of 8 eggs 
per day. The twelve females produced a total of 6,378 eggs, 
or an average of 532 eggs per bug. The preoviposition period 
TABLE I 
SUMMARY OF DATA ON THE OVIPOSITION AND DURATION OF LIFE OF 34 OVERWINTERED 
FEMALE CHINCH BuGs, AND LENGTH OF LIFE OF 34 MALEs. 


Temperatures 24.5° C. 29.5° C. 34.5° C. 
FEMALES: 
Number of Bugs Used 12 1] 11 
Preoviposition Period Range ; 4-12 3-7 2-7 
(Days Mean 7 6 + 
Oviposition Period Range 52-110 34-72 25-48 
(Days Mean 84 49 33 
Postoviposition Period Range 0-20 26 0-3 
(Days Mean 3 5 l 
Length of Life (Days Range 45-119 42-77 30-52 
Mean 94 59 38 
Total Eggs per Female Range 312-766 279-1091 312-909 
Mean 532 598 502 
tDays Without Range : 3-38 0-13 1-6 
Oviposition Mean 14 3 1 
Eggs Found in Body at | Range 0-18 | 0-6 0-11 
Death Mean 4 2 5 
MALEs: 
Number of Bugs Used Ray 12 11 11 
*Length of Life (Days Range 54-138 45-122 33-89 
Mean 106 94 55 


*Length of life after emergence from hibernation. 
tNumber of days during oviposition period on which no eggs were laid. 


varied from 4 to 12 days and averaged 7 days. The female 
usually died shortly after egg-laying ceased. One individual, 
however, lived 20 days after the last oviposition. This was 
the only case in which the postoviposition period exceeded 
three days. The largest number of eggs laid in one day by an 
individual was 22. There was now and then a day during the 
Oviposition period of each female when no eggs were laid at all. 
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The oviposition period varied from 52 to 110 days, the average 
being 84 days. Only five females contained eggs in their ovaries 
at the time of death. The female which lived 20 days after egg 
laying had ceased, contained 1S eggs. The next highest number 
present in a female was 9. 

A summary of total daily egg deposition by eleven of the 
females is given in Fig. 2. Oviposition at 24.5° C. extended 
over a longer period than at either of the two higher temper- 
atures employed, with fewer eggs being laid each day. Egg- 
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Fic. 2. Curves showing total daily egg production of overwintered 
Blissus leucopterus females at various temperatures. 


laying reached a maximum on the forty-third day, 105 eggs 
being produced on that day. The average length of life of 
males exceeded that of the females by 12 days (Table I and 
Fig. 3). 

Oviposition at 29.5° C—A summary of the data on oviposi- 
tion and length of life of 11 pairs of chinch bugs kept at a 
constant temperature of 29.5° C. is included in Table I. The 
11 females laid a total of 6,580 eggs. This was an average of 
598 eggs per female. The highest number of eggs produced 
by an individual bug was 1,091, laid over a period of 72 days. 
The average daily production for this female was approximately 
15 eggs. The individual which laid the lowest number produced 
only 279 eggs. The largest number of eggs laid by a female in 
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one day was 31. Three of the females laid every day during 
their entire oviposition period. There was a total of 13 days 
during the oviposition period of one female on which no eggs 
were laid. Only 5 individuals contained eggs in their ovaries 
when death occurred. 
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Fic. 3. Mortality of overwintered adult Blissus leucopterus at 
various temperatures. 


The oviposition period extended over a period of 72 days 
(Fig. 2). Maximum laying occurred on the eighth day. The 
males, on the average, lived 35 days longer than the females 
(Fig. 3). 

Oviposition at 34.5° C.—The oviposition and longevity of 11 
pairs of Blissus leucopierus maintained at 34.5° C. are sum- 
marized in Table I. The oviposition periods varied from 25 








116 Annals Entomological Society of America |Vol. XXVIII, 


to 48 days. The 11 females produced a total of 5,526 eggs or 
2 od 

an average of 502 eggs per female. The greatest number laid 

by a single female was 909, the lowest 312. The preoviposition 

period varied from 2 to 7 days, the average being 4 days. 

The postoviposition period averaged one day. One female 


TABLE II 
SUMMARY OF DATA ON THE OVIPOSITION AND DURATION OF LIFE OF 34 FIRST 
GENERATION FEMALE CHINCH BuGs, AND LENGTH OF LIFE OF 34 MALEs. 


Temperatures... 24.5° C. 29.5°C. | 84.6°C. 


FEMALES: 





Number of Bugs Used |. ‘ 10 14 10 
Preoviposition Period Range 5-16 3-9 | 4-12 
(Days) | Mean 9 6 6 
Oviposition Period | Range 36-87 28-72 23-57 
(Days Mean 64 47 32 
Postoviposition Period | Range.. 1-8 0-19 0-16 
(Days) Mean 3 5 2 
Length of Life (Days | Range 45-99 34-85 29-75 
| Mean 75 57 41 
Total Eggs per Female | Range 247-578 329-686 299-640 
| Mean 424 548 490 
*Days Without | Range 6-21 0-11 0-6 
Oviposition | Mean 13 3 2 
Eggs Found in Body at | Range 0-8 0-11 | 0-12 
Death | Mean 2 3 5 
MALEs: 
Number of Bugs Used ae ; 10 14 10 
Length of Life (Days) Range ; 47-120 31-105 | 27-86 
Mean 82 75 51 


*Number of days during oviposition period on which no eggs were laid. 


laid 39 eggs ina single day. Five females produced eggs every 
day during their respective oviposition periods. Eight bugs 
contained eggs in the ovaries at the time of death, the number 
per female varying from 3 to 11 eggs. The total daily oviposition 
for the 11 females is shown in Fig. 2. Egg laying reached its 
peak on the seventh day when 225 eggs were laid. A com- 
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parison of the length of life of the females with that of the 


> 


males is shown in Fig. 3. 


FIRST GENERATION 


Studies on the first generation adults were made on a total 
of 34 pairs. Data on the oviposition and longevity of these 
insects are given in Table II. The females of this generation 
produced fewer eggs than the overwintered forms; the numbers 
of eggs deposited, however, exceeded those of the second 
generation. 
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Fic. 4. Curves showing total daily egg production of first generation 
Blissus leucopterus females at various temperatures. 


Oviposition at 24.5° C.—Ten pairs of bugs of the first gen- 
eration were maintained at 24.5° C. The ten females produced 
a total of 4,236 eggs. The individual which produced the 
greatest number, laid 578 eggs during an oviposition period 
of 84 days. The oviposition period for the entire group varied 
from 36 to 87 days and the preoviposition period from 5 to 16 
days. Five females contained eggs in their ovaries at the 
time of death. The total daily egg-production is summarized 
in Fig. 4. In only three cases did the female live longer than 
the male. The average length of life of the males was 82 
days, and of the females 75 days. One male lived 120 days. 








118 Annals Entomological Society of America |Vol. XXVIII, 


Ovi position at 29.5° C.—Fourteen pairs of chinch bugs were 
studied at a constant temperature of 29.5° C. One female 
deposited a total of 686eggs. The 14 females together produced 
7,678 eggs, an average of 548 per bug. The greatest number of 
eggs laid by a female in one day was 33. The preoviposition 


TABLE III 


SUMMARY OF DATA ON THE OVIPOSITION AND DURATION OF LIFE OF 13 SECOND 
GENERATION FEMALE CHINCH BUGS, AND LENGTH OF LIFE OF 13 MALEs. 


Temperatures 24.5° C. 29.5° C. 34.5° C. 


FEMALES: 


Number of Bugs Used ele 3 5 5 
Preoviposition Period Range 8-15 5-10 | 4-5 
(Days) Mean ll 8 5 
Oviposition Period Range 49-63 | 37-62 21-34 
(Days) Mean 55 51 25 
Postoviposition Period | Range 2-7 0-11 | 0-1 
(Days) Mean 5 3 l 
Length of Life (Days) Range 71-73 42-76 26-40 
Mean. 72 62 30 
Total Eggs per Female Range 129-318 347-594 281-357 
Mean 225 475 306 
*Days Without Range 2-27 0-9 | 0-4 
Oviposition Mean 33 5 1 
Eggs Found in Body at | Range 0-0 0-12 | 0-5 
Death Mean 0 4 1 
MALEs: 
Number of Bugs Used rid 3 5 5 
Length of Life (Days) Range 70-86 12-86 32-56 
Mean... 77 58 49 


*Number of. days during oviposition period on which no eggs were laid. 
period varied from 3 to 9 days and the oviposition period 
from 28 to 72 days. Two of the females died on the same day 
that they deposited their last eggs. Six females contained eggs 
in their ovaries after death had occurred. The total daily 
egg production for 10 females is shown in Fig. 4. 
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Oviposition at 34.5° C.——A summary of data on 10 pairs of 
first generation bugs maintained at 34.5° C., is included in 
Table II. The 10 females laid a total of 4,901 eggs. The 
maximum number produced by a single female was 640 eggs. 
One female deposited 38 eggs in a single day. The shortest 
preoviposition period was 4+ days and the average 6 days. 
In only one case did the postoviposition period extend beyond 
3 days. The accompanying graph (Fig. 4) summarizes the 
total daily oviposition of these females. 


SECOND GENERATION 


The results of observations on 13 pairs of second generation 
chinch bugs are summarized in Table III. These insects were 
maintained, respectively, at constant temperatures as follows: 
3 pairs at 24.5° C., 5 pairs at 29.5° C., and 5 pairs at 34.5° C. 
Both maximum total individual production and average 
numbers of eggs laid were lower than for females of either the 
first or the overwintered generations. Duration of life was 
shortest in the case of the second generation adults. 

One female kept at 29.5° C. produced 594 eggs over a period 
of 56 days. The average total number of eggs laid by females 
at this temperature was 475. At 24.5° C. the average was 225 
and at 34.5° C. it was 306. Length of life varied from 12 days 
for a male at 29.5° C. to 86 days for two males, respectively, at 
29.5° C. and 24.5° C. At 29.5° C. the average longevity of 
the females was 62 days and of the males, 58 days. This was 
the only case encountered during the entire season in which 
the average life of the females exceeded that of the males. 


SUMMARY 


Thirty-four overwintered female chinch bugs, Blissus 
leucopterus (Say), laid an average of 544 eggs. One female 
produced 1,091 eggs. Overwintered females laid a greater 
number of eggs than the females of either of the two succeed- 
ing summer generations. Egg production was greater at 
29.5° C. than at either 24.5° C. or 34.5° C. 

Longevity of males exceeded that of females and in some 
cases individuals lived for nearly four months. 
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THE COMPLETE BOOK OF BRITISH BUTTERFLIES, by F. W. Fronawk. 
Pages 1-384; ‘32 color plates and over 160 unique sketches from life." 
Published by Ward, Lock and Co., Ltd., Salisbury Square, London, E. C. 4 
and at Melbourne. Price, ten shillings six pence plus thirty-eight cents 
duty. 

This is a volume complete within its field, the type of systematic literature 
one dreams of when in perfect health and the family budget has been balanced. 
It is as nearly perfect as books in this field will be for some time tocome. Further 
praise is superfluous. The following are simple facts. The volume covers the 
sixty-eight forms of British butterflies, one of which, the Large Copper, is now 
extinct. On the thirty-two colored plates are shown dorsal and ventral views of 
imagoes, the egg, the seventh segment of the larva and the pupa of each species, 
also any aberrations of the adult colors. Added to the color illustrations are over 
160 text figures of drawings by the author which show details of habit and 
structure. Each species is treated under a series of heads: Haunts, Distribution, 
Migration, Egg Laying, Egg, Larva, Pupa, Imago, Life of Imago, Aberration. 

An American’s first reaction on examining such a complete volume is admira- 
tion of British ability and high ideals. Immediately follows a reaction as he 
realizes the lack of similar advancement in American entomological publications. 
He recovers when he reviews the larger problems facing Americans in the same 
field. The American problem covers a greater and more diversified terrain and 
a fauna several times richer in species. Our mountains run north and south. 
During the glacial period our species moved south to return with returning warmth. 
In Europe the ice cap caught the European fauna against the Pyrenees, Alps and 
Carpathians and exterminated the greater part of it. The present British fauna 
is composed of a few remnants of the earlier fauna and a few species that have 
spread into this denuded area since the ice age. Great Britain has twenty-five 
species of Odonata, the single state of Ohio with a less diversified topography at 
least one hundred and twenty-five species. The groups less thoroughly known in 
our fauna attract the energetic entomologists which defers to some distant future 
time the type of finished work on our fauna shown in this volume by Frohawk. 
It is an elegant piece of work, a credit to the author and the publisher.—C. H. K. 





TWO NEW BIRD CERATOPHYLLI FROM MINNESOTA 


(Insecta: Siphonaptera)' 


Cu1-YING Liv, 
Division of Entomology and Economic Zoology, 


University of Minnesota 


In the course of studies on the Siphonaptera of Minnesota 
two hitherto undescribed species of Ceratophylli from birds 
were found. One of these was from a ruffed grouse, Bonasa 
umbellus, the other from the American long-eared owl, Asio 
wilsonianus. As relatively little attention has been paid to 
bird fleas in this country, it seems desirable to describe these 
two species at this time. 

I wish to express my obligation to Dr. H. E. Ewing, who 
examined the manuscript and specimens and made helpful 
suggestions regarding them. 

Dr. Ewing noted that ‘‘the genital armature of both of 
these species is of the type of riparius and idius.’’ The writer 
agrees with this insofar as American allied species are con- 
cerned, but considers that there are still closer affinities to 
C. gallinae and C. borealis. 


Ceratophyllus swansoni sp. nov. 
(Figs. 1, 2, and 3) 


Allied to C. gallinae Schrank. of differs in that the exopodite is less 
than three times as long as wide, whereas in gallinae it is four times as 
long as wide; the apex of manubrium tapers toward end and becomes 
rounded-truncate along its ventro-apical margin while that of gallinae 
is more or less rounded; VIII. t. bears 10, instead of 6-7, bristles along 
its dorsal margin. 9—Apex of VII. st. resembles that of gallinae; 
VIII. t. with three strong bristles below stigma besides numerous small 
ones and with more than twenty small and large bristles on ventral area. 

Head.—Head evenly rounded from occiput to mouth in 9 and little 
flattened above occiput in o; frontal tubercle prominent and situated 
at middle of frontal margin. Ocular row composed of three stout 
bristles preceded by a frontal row of four smaller bristles. Eyes distinct. 
Genal process acute. Bristles of second antennal joint reaching beyond 
middle of club in o and extending beyond apex of clubin 9. Numerous 
small hairs along posterior margin of antennal groove. Occiput with 

1Paper No. 1335, of the Scientific Journal Series of the Minnesota Agricultural 
Experiment Station. 
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one small bristle behind base of antenna and a row of two larger bristles 
behind middle of antenna and an apical row of 5-6 bristles on each side, 
of which the lowest bristle in & and the next to lowest one in 9 are the 
longest. Maxillary palpus as long as labial palpus; the proportion of 
the segments of the former are 12, 14, 11, and 17; the labial palpus 
reaches to or a little beyond four-fifths of the length of fore coxa. Apex 
of maxilla acute, extending to about the middle of the third labial 
segment. 

Thorax.—Pronotum with a comb of 24 closely-set spines preceded 
by a submedian row of 10-12 bristles on two sides together (excluding 
small hairs between bristles), the lowest bristle longest. Mesonotum 
with a subapical row of five strong bristles on each side, in front of 
which is a patch of irregular hairs. Metanotum with a subapical 
row of five bristles preceded by two regular rows of hairs; metepimerum 
with 6-7 bristles (2, 3, 1, or 2, 1, 3, 1). 

Legs.—Outer surface of fore femur with about ten bristles. Hind 
coxa with longish thin bristles in apical half. Hind tibia with six pairs 
of dorsal spines, the fourth and fifth pair being widely separated. No 
apical bristle of the tarsal segment of all legs exceeds apex of the seg- 
ment following. The proportions of the tarsal segments of all legs are 
as follows: 

Ist 2nd 38rd 4th Sth 


re 11 11 9 6 16 
BUOG MONO... ckccaccvcus ae 18 12 7 18 
SUNG COPS... cece OB 27 17 11 19 


Abdomen.—The first three tergites have each two rows of small 
bristles in front of the apical row, whereas others bear only one row 
before apical row. Number of apical bristles on each side of the first 
seven tergites are: in o’, 4-6, 5-6, 5-7, 7-8, 7-8, 6-8, 5-7; in 9 , 5-6, 7, 
7-8, 8, 7, 8, 5-7. Lowest bristle of posterior row of typical abdominal 
tergites parallel with stigma in o and little below stigma in 9. Apical 
teeth are present on the first five tergites in o and on the first four 
tergitesin 2. Sternites III, to VII. in both sexes bear each a posterior 
row of three strong bristles preceded by few small ones; posterior 
row of second sternite having only one bristle on each side. One central 
long antepygidial bristle accompanied by two minute ones in o’; three 
antepygidial bristles in 9. 

Modified Segments—co VIII. t. bears three stout bristles above 
stigma, a dorso-marginal row of ten bristles, one smaller bristle parallel 
with stigma, two smaller ones below stigma and one strong bristle on 
the lower ventral area; apex of VIII. t. more or less truncate. VIII. st. 
rod-like, bearing two apical and one subapical bristles and an apical 
membranous flap. Process of clasper conical and bears three small 
bristles at apex; dorsal margin of clasper strongly rounded-concave. 
Manubrium wider at base, broader than body of clasper and obliquely 
rounded-truncate at apex. Exopodite somewhat sole-shaped, its 
anterior margin excurved at a little below middle, its posterior and 
apical margins evenly rounded; there being four bristles along the apical 
third of the posterior margin, the bristles are evenly spaced, but the 
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second is at least one-half shorter than rest. Proximal end of vertical 
arm of IX. st. dilated in the shape of a mushroom; ventral arm elbowed. 
9 —Apex of VII. st. broadly rounded. VIII. t. bears ten small hairs 
above stigma, three stout bristles below stigma and a little over twenty, 
both small and large, bristles on lower ventral area; apex of VIII. t. 
more or less truncate. VII. st. with a posterior row of five stout 
bristles and an anterior patch of about a dozen small bristles. Stylet 
about three times as long as wide at base; it bears one apical bristle, one 
upper and one lower subapical bristles. Spermatheca stands on its 
end in the specimen, but appears to resemble the typical bird- 
Ceratophylli type. 
Length, o, 3 mm.; 9, 3.25 mm. 


One @ and one @° taken off Asio wilsonianus from Fertile, 
Minnesota, on May 8, 1931. The species was named in honor 
of the collector, Mr. Gustav Swanson. Holotype, a a; allo- 
type, a 9, in the Insect Collections of the Division of Ento- 
mology and Economic Zoology, University of Minnesota; 
paratype in U. S. National Museum. 


Ceratophyllus rileyi sp. nov. 
(Figs. 4, 5, and 6) 


Near to Ceratophyllus borealis Roths., 1907. o differs from its 
ally in that the internal proximal portion of VIII. st. is distinctly 
sinuate on its frontal margin, whereas it is rounded in borealis, the 
apical bristles of VIII. st. are thin, not stout at all, process of clasper 
is more robust and exopodite is widest at middle instead of at 
three-fourths. 

Head, thorax and abdomen very similar to Ceratophyllus swansoni, 
but the modified segments are quite different. o—VIII. t. bears one 
small bristle above stigma, a dorso-marginal row of 4-5 bristles, 3-4 
bristles below stigma and one stout bristle on lower ventral portion. 
Apex of VIII. with a triangular incision. Proximal portion of VIII. st. 
with a sinus on frontal margin; apex of VIII. st. with a membranous 
flap. Process of clasper slightly dilated near apex which bears only 
two small bristles and a very minute one. Manubrium nearly of even 
width and with a more rounded apex. Exopodite more robust than 
borealis and very similar to swansoni, bearing four bristles along apical 
half of posterior margin and a short bristle more closely situated between 
two large bristles. 9—VIII. t. bears few smaller hairs above stigma, 
two stout bristles below pygidium and about 13, both large and small, 
bristles on lower ventral area. Apex of VIII. t. with a triangular 
incision. VII. st. with a posterior row of four stout bristles and two 
anterior rows of smaller bristles (2, 6); its apical margin with a shallow 
wide concavity as shown in figure. Stylet a little less than three times 
as long as basally broad. Spermatheca with an oval head and 
cylindrical tail, resembling borealis. 

Length, o’, 2 mm.; 9, 2.25 mm. 
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One o and 29 9, all taken off ruffed grouse, Bonasa 
umbellus; &@ specimen collected from Pine County, Minnesota, 
on October 16, 1931, by Mr. H. E. Wallace; the locality, date 
and collector of 2 specimens not known. JJolotype (a male) 
and a paratype female in the Insect Collections of the Division 
of Entomology and Economic Zoology, University of Minne- 
sota. Paratype female in the U. S. National Museum. 





EXPLANATION OF PLATE 


3. Ceratophyllus swansoni. Details of anatomy. 


] 
Pigs. 4-6. Ceratophyllus rileyi. Details of anatomy 
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TWO NEW SPECIES OF STEPHANOTHRIPS FROM 
SOUTH CAROLINA AND KEY TO THE 
KNOWN SPECIES! 


(Urothripidae: Thysanoptera) 


J. G. Watts, 


Clemson College, South Carolina 


The two species of Stephanothrips Trybom described below 
are the only ones of the genus yet found within the bounds of 
South Carolina. Taxonomically, they are closely related and 
illustrate a somewhat different type of antenna from that of 
the other members of the genus. They differ in having seg- 
ments 4 and 5, i. e., the last two segments, almost completely 
fused so that they appear as a single segment. Following the 
descriptions is a key to the known species of the genus. 

The colors are according to R. Ridgway’s Nomenclature of 
Colors, copyright 1885. 

The types and paratypes are in the author’s collection. 


Stephanothrips corticinus, n. sp. 
(Figs. 1 and 2) 

Female (apterous).—Length, 1.036 mm. to 1.081 mm.; one dis- 
tended specimen, 1.314 mm. By reflected artificial light the general 
color is brown; head and margins of thorax and of abdomen Prout’s 
brown; discal area of thorax and of abdominal segments 1 to 9 wood 
brown; tube ochraceous-buff (yellowish), the apical one-fifth shading 
to Broccoli brown; segments 1 to 3 of antennae primrose yellow, tip of 3 
slightly darkened with brown; 4 and 5 fawn color; all legs only slightly 
paler than head; tarsi, apex of tibiae, and base of femora lighter. 
Reddish-brown subhypodermal pigment more or less generally dis- 
tributed over the head, thorax and abdominal segments 1 to 9, less 
abundant toward the posterior. By natural light the discal area of 
abdominal segments 1 to 9 appears whitish, blanketed with light brown. 

Head about 1.1 times as long as greatest width; broadest about 
one-fourth from base, narrowing gradually to eyes, broadly rounded in 
front. Vertex with two pairs of prominent bristles arising from 
prominent tubercles. Inner pair longest, rather pointed and curved 
inwardly, and are about .7 the length of antennal segment 3. Outer 
pair almost straight, slightly but gradually dilated toward the apex, 
and with abrupt tips. Dorsal and lateral surfaces of head prominently 





1Technical contribution No. 40, from the South Carolina Experiment Station, 
Clemson College, S. C. 
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roughened with tubercles, some of which bear small bristles; ventral 
surface smooth. Antennal segment 1 subquadrangular and concealed 
beneath the vertex; segment 2 broadly globose, pedicellate, and the base 
concealed beneath the vertex; segment 3 almost 2.2 times as long as 
greatest width, which is about the middle; segment 4 slightly longer 
than wide and weakly pedicellate, the pedicel being largely telescoped 
into the apex of the third segment; segment 5 sharply conical, twice as 
long as basal width. Segments 4 and 5 appearing as a single segment, 
are very broadly and closely joined, the line of union being evident only 
on the ventral side and upon close examination. Sensoria difficult to 
distinguish from setae, but there appears to be four on segment 3; 
setae moderate; one large terminal bristle about three-fourths the 
length of segments 4 and 5. Eyes small. Ocelli and postocular bristles 
wanting. 
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Fics. l and 2. Stephanothrips corticinus, n. sp. 
Fic. 3. Stephanothrips fusiantennatus, n. sp. 


Prothorax .57 the length of the head, and exclusive of coxae is about 
half as long as broad. A heavy, transparent, apically dilated bristle 
located on prominent tubercles at each hind angle. Pterothorax 
(including the part of mesothorax telescoped into prothorax) 1.33 times 
as long as prothorax, and .55 its greatest width. Legs short and stout, 
and covered with tubercles some of which bear small bristles; tarsi 
without armature. 

Abdomen widest at second segment and tapering evenly to base of 
tube; posterior angles of abdominal sternites 3 to 8 inclusive produced 
and bearing a heavy, apically dilated bristle; abdominal tergites 1 to 8 
inclusive not so much produced and set with a much smaller bristle; 
ninth segment (including part telescoped into segment 8) 3.46 times as 
long as segment 8; ninth segment from apex of 8 is 3.1 times as long as 
segment 8, and .81 the length of the tube. Tube about 1.06 times as 
long as head; narrowest at about one-third from base and distinctly 
broadening toward apex; broadest about one-fifth from apex, where 
it is only .15 the total length. Abdomen moderately spotted with 
inconspicuous tubercles, fewer on tube. Six terminal hairs about 
2% times as long as tube. 
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Measurements of Holotype: Length, 1.036 mm.; head, length, 
0.184 mm.; greatest width, 0.165 mm.; width behind eyes, 0.149 mm.; 
prothorax, length, 0.105 mm.; width excluding coxae, 0.220 mm.; 
pterothorax, total length, 0.140 mm.; width mesothorax, 0.207 mm.; 
width metathorax, 0.252 mm.; abdomen, length, 0.644 mm.; width at 
second segment, 0.277 mm.; length of segment 8, 0.046 mm.; total 
length of segment 9, 0.158 mm.; length of tube, 0.194 mm.; greatest 
width, 0.030 mm. 


Antennal segments 1 2 $ 4 6 
Length (u)..... sgn cer’ ae 37 68 23 33 
WUC TUE) os. kava cceccun 24 28 32 19 16 


Described from three females taken from Spanish moss 
(Dendropogon usneoides L.) by the author as follows: two from 
Ridgeland, Jasper County, S. C., April 2, 1933; one from Mt. 
Pleasant, Charleston County, S. C., November 11, 1933. 

By the presence of four rather than six heavy spines on the 
vertex, this species is more closely allied with the Californian 
species S. bradleyi Hood than with the Neotropical species, 
S. occidentalis H. & W., found in Florida. By the same char- 
acter it is also allied with the African species, S. buffat Trybom. 
The new species may be distinguished from them both, however, 
by the almost complete fusion of the last two antennal segments, 
by the difference in relative lengths and widths of antennal seg- 
ments, and in the relative lengths of segments 8, 9, and 10 of the 
abdomen in comparison with the length of the head. 


Stephanothrips fusiantennatus, n. sp. 
(Fig. 3) 

Female (apterous).—Length, 1.106 mm. to 1.388 mm. By reflected 
artificial light, color dark brown; head and margins of thorax and of 
abdomen burnt umber; discal area of thorax and of abdominal segments 
1 to 8 mars brown, lighter along the meson; segment 9 Prout’s brown; 
tube mars brown, darker at apex. Rust red subhypodermal pigment 
generally distributed over the head, thorax and segments 1 to 8 and 
apex of 9 of the abdomen; quite dense in the regions of the thorax and 
margins of abdomen. Antennal segments 1 and 2 straw yellow, segment 
3 shading from yellowish gray at base to gray-brown at apex, 4 and 5 
broccoli brown. Legs about concolorous with margins of thorax; tarsi, 
apex of tibiae and base of femora lighter. 

Head only slightly longer than greatest width, broadest toward the 
posterior and tapering gradually to eyes; cheeks and dorsum prominently 
roughened with tubercles bearing small bristles; ventral surface smooth. 
First and base of second antennal segments concealed beneath vertex. 
Fourth and fifth segments almost completely fused, line of union 
evident only on ventral side; not evident on some specimens. Vertex 
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with two pairs of large bristles situated on prominent tubercles; inner 
pair longest, about one-third the length of antennal segment 3, and 
about one-fourth longer than the outer pair, slightly clubbed at tip; 
outer pair slightly dilated apically and with abrupt tips. Eyes small. 
Ocelli and postocular bristles wanting. 

Prothorax half as long as head, and exclusive of coxae the width is 
slightly more than twice the length. A short and heavy transparent, 
dilated bristle on a prominent tubercle at each hind angle. All legs 
short and stout; all femora, tibiae and fore coxae roughened with 
spine-bearing tubercles; tarsi without armature. 

Abdomen widest at second segment. Posterior angles of abdominal 
sternites 3 to 8 produced and set with a heavy, blunt bristle; posterior 
angles of abdominal tergites 1 to 8 not so much produced and set with a 
much weaker and shorter bristle. Ninth segment three times as long as 
8, and about .8 as long as tube; tube and head about equal in length. 
Six bristles at apex of tube about two and one-third times as long as 
the tube. 

Measurements of Holotype: Length, 1.106 mm.; head, length, 
0.191 mm.; greatest width, 0.172 mm.; width behind eyes, 0.156 mm.; 
prothorax, length, 0.105 mm.; width, exclusing coxae, 0.228 mm.; 
pterothorax, length including part telescoped into prothorax, 0.154 mm.; 
width mesothorax, 0.259 mm.; width of metathorax, 0.284 mm.; abdomen, 
length, 0.672 mm.; greatest width, 0.315 mm.; length of segment 8, 
0.056 mm.; length of segment 9, 0.166 mm.; tube, length, 0.207 mm.; 
width at middle, 0.026 mm.; greatest width, 0.032 mm. 


Antennal segments 1 2 3 4nd § 
Length (nu) ; 21 39 77 67 
Width (x) 32 32 21 


Male (apterous).—Length, 0.959 mm. Color slightly paler and 
bristles on vertex and abdominal sternites decidedly less prominent 
than in the female. Generally less robust but essentially like female in 
structure. 

Described from three females and one male taken from dead 
pine wood at Long Creek, Oconee County, South Carolina, by 
the author as follows: one female, October 24, 1933; one male 
and two females, November 23, 1934. All specimens taken 
within a radius of 20 yards. 

In the presence of two rather than three pairs of prominent 
bristles on the vertex, this species is allied with S. buffat Trybom, 
S. bradleyi Hood and S. corticinus Watts. From S. corticinus 
Watts, with which it is closely allied by the almost completely 
fused terminal joints of the antennae, it can readily be separated 
by the shorter club-tipped inner pair of bristles on the vertex. 
S. fusiantennatus also has a more slender third antennal segment, 
and is slightly darker in color than S. corticinus. 
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In 1929 Professor J. D. Hood (Bull. Brooklyn Ent. Soc., 
Vol. 24, pp. 320-321) published a key to the known species of 
Stephanothrips which then included only three. Hood’s key is 
here enlarged to include the two species described above. 


KEY TO SPECIES OF STEPHANOTHRIPS 


ais Vertex of head with three pairs of str rong an teriorly directed bristles 
borne at tips of tubercles; head distinctly narrowed posteriorly; first 
segment of fore and hind tarsi with a strong, prominent, curved claw 
on outer surface. (St. Croix and Trinidad, W. I., and Florida), 
occidentalis H. & W. 
Bes Vertex of head with only two pairs of such bristles; fore and hind tarsi 
unarmed; head with cheeks parallel, not at all narrowed posteriorly 2 
2. (1.) Segments 4 and 5 of antennae fused together so that they appear as a 
single segment, the line of union often obscure : is 
a Segments 4 and 5 of antennae distinct but broadly joined 3 
3. (2.) Antennae slender, segments 3 and 5 each about two and one-half times as 
long as wide; general color dark blackish brown (nearly black to 


naked eye), head darkest. (California) . on bradleyi Hood 
3.. Antennae stouter, segments 3 and 5 each about two times as long as 

wide; general color grayish yellow, with head and anterior portion 

of prothorax brown. (Natal)... buffai Trybom. 


4. (2) Inner pair of spines on vertex long, pointed, and curved inward, about .7 
the length of antennal segment 3. Segment 3 about two times as long 


as wide. (South Carolina) ....corticinus Watts 
4.. Inner pair of spines on vertex shorter, sli igh tly clubbed at tips, about 

one-third the length of antennal segment 3. Segment 3 about two and 

ania times as long as wide. (South Carolina)...fusiantennatus Watts 


NATURE CHATS, A YEAR OUT-OF-DOORS, by JoHn Harvey Fursay. 
pp. i-xvi and 1-255; 52 full page cuts. Science Printing Co., Lancaster, 
Pa. 

This is a very attractive volume for nature lovers written by a poet who 
has had to earn his living by teaching biology. It is divided into fifty-two 
subjects which follow the weeks of the year around. Each is illustrated by a 
scientific cartoon bringing out the argument of the accompanying text as the 
author states the illustrations are an integral part of the book and not mere 
illustrations. The discussion opens with Fall: Autumn Colors; Why Leaves Fall 
in Autumn; Why do Birds Migrate; Caterpillars and Cocoons; How Nature 
Scatters Her seeds, etc. Each subject is accompanied by a striking cartoon 

(in the best sense of this term) and is treated with a surprisingly small amount of 
even near-teleology of which books in this field are usually full. 

This is a volume which apparently has been very carefully thought out as an 
approach to the every day reader who has had no iastous tion in biology. It is by 
a biologist trained at Yale and in the Pasteur Institute, Paris. It is a type of 
popular writing of which we should have more but which is very difficult for the 
average scientist, who constantly tries to keep his expression within the rigid 
bounds of exact definition. Rigidity of expression becomes a habit that is not 
easily thrown off when an attempt is made to reach the every day reader. In 
fact the scientist attempting such simplification of subject matter is very liable to 
bring loose ideas back from this field into his scientific work. It is a different 
world with a different mode of thought. 

At the back of the volume are ten pages of Nature Projects, simple things 
that any high school student can do from starting a balanced aquarium to grafting 

earthworms. The anatomy of the insects figured is not always correct but we 
approve of a consistent effort to interest the layman in ripe i By trial and 
error a technique for this field will eventually be worked out. 7H. K. 








HAMOTUS TURALBUS, A NEW SPECIES FROM 
COSTA RICA 


(Pselaphidae: Coleoptera) 


ORLANDO PARK, 
Northwestern University 
Chicago, Illinois 


Virtually no progress has been made in understanding the 
large, confusing genus Hamotus within the last thirty years, 
since Raffray (1904) consolidated the pselaphid fauna of the 
world in his excellent catalogue. Lack of sufficient material, a 
wholly inadequate knowledge of comparative morphology, and 
ecology of this genus, superficial similarity of the species, 
and their inadequate description, are largely responsible 
for this condition. Seventy-four species are listed for Hamotus 
(Hamotus, Hamotoides) by Raffray (1911), all from Central 
and South American regions. Since then three more South 
American forms have been discovered (Raffray, 1911 a, b; 1917) 
and a new species described from Florida (Fletcher, 1932), 
which is of especial interest since it is the first definitely known 
representative of the genus in North America, north of Mexico. 
This brings the total number of described species of Hamotus, 
including H. turalbus, to seventy-nine. 


Hamotus (Hamotus) turalbus sp. nov. 
(Figs. 1-10) 

One male (holotype). 

Integument.—Reddish brown, with reddish yellow pubescence which 
is suberect on head, pronotum and elytra and more inclined on abdomen 
and appendages. Pubescence rather stiff, abundant and blunt; setae 
on elytra average 0.08 to 0.1 mm. in length and are set in small punctures 
around which are numerous minute, concentric, short depressions, 
(Fig. 1). 

Measurements —Total length, 2.58 mm.; head, 0.45 mm. long 
(distal margin of labrum to posterior margin of occiput) by 0.53 mm. 
long (through and including eyes); cervicum, 0.06 mm. long; pronotum, 
0.52 mm. long by 0.5 mm. wide; elytra, 0.7 mm. long by 0.9 mm. wide; 
abdomen, 0.85 mm. long by 1.0 mm. wide. Antennae, total length, 
0.9 mm. 

Head.—(Figs. 1 to 6). Antennal tubercles prominent, separated 
by a wide, glabrous, linear sulcus which ends posteriorly in a pubescent 
fovea. Vertex with two pubescent foveae mutually more approximate 
than either from the nearest eye. Eyes prominent and from a lateral 
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view reniform, the concave posterior contour enclosing a portion of 
the gena which is more strongly pubescent than adjacent areas (Fig. 2). 
Maxillary palpi typical of genus, first segment minute (0.018 mm. long); 
second arcuate, pedunculate (0.14 mm. long, 0.05 mm. wide through 
distal swollen part); third small, triangular (0.05 mm. long); fourth 
large, ellipsoidal, broadly sulcate on mesial face, with a setiform bristle 
placed within the groove near apex. Antennae with proportions as 
in Figure 3, segments 1 to 8 gradually decreasing in length, 4 to 8 
transverse, 6 to 8 appreciably more transverse than 3 to 5, 9 and 10 
distinctly larger, transverse, narrowed distally, 10 wider and longer 








Hamotus (Hamotus) turalbus sp. nov. 
Fig. 1. Dorsal aspect (33 diameters). Left maxillary pal 
segment twisted dorsally to better illustrate the mesial grooved 
surface; lateral pronotal foveae carried slightly dorsally to indicate 
their relative size and form. Left elytron with humerus and the 
discal and sutural strial areas indicated; right elytron with an area of 
elytral integument greatly magnified to show pubescence (0.1 mm. 


square). 


us shown with distal 





Fig. 2. Lateral aspect of right eye (33 diam.). 

Fig. 3. Antenna (33 diam.). 

Fig. 4. Typical antennal seta (333 diam.). 

Fig. 5. Antennal cone (333 diam.). 

Fig. 6. Eleventh antennal segment, lateral face (217 diam 

Fig. 7. Left lateral aspect of elytron, meso- and metathorax and abdomen 


(33 diam. 
Fig. 8. Left half of body, ventral aspect (33 diam 
tes ss : . ra I ; . 
Fig. 9. Fourth visible (true fifth) tergite, posterior aspect (33 diam.). 
Fig. 10. Right metathoracic leg (33 diam. 








1935] Park: New Species of Pselaphidae 133 


than 9, 11 large, as long as four preceding segments united. Under 
high magnification (650 to 1000 diameters) there appear at least two 
types of pubescence on the eleventh (Figs. 4, 5, 6); the usual setae 
placed in rounded, slightly recessed punctures and much larger setae 
for which I suggest the term antennal cones. These latter are very 
difficult to see due to their transparency, but are apparently articulated 
upon rounded asperities, and under oil some seem to have thicker basal 
walls and a lighter core or cavity." 

Pronotum.—(Fig. 1). With proportions as in figure, the base 
beaded and with three large, pubescent, round, wholly unconnected 
foveae in basal third. In lateral view the posterior half is much higher, 
gently rounded into basal bead behind and with the anterior half 
regularly declivous to cervicum. 

Elytra.—(Figs. 1, 7). With suture strongly beaded, the bead 
punctured and continuous anteriorly with the basal elytral bead. 
Humeri rounded, moderately prominent. Each elytron with two basal 
pubescent foveae, the inner one smaller and lying at the beginning 
of a depression which rapidly decreases in width to follow the sutural 
bead as a stria; the outer fovea lying at the beginning of a very wide, 
shallow, rapidly attenuate, discal depression which disappears in basal 
half. 

Abdomen.—(Figs. 1, 7, 8, 9). Five visible tergites and sternites, 
with proportions as shown in figures. True first tergite hidden beneath 
elytra save in relaxed condition; true first sternite deeply recessed and 
visible with difficulty between metacoxae and at sides. Fourth visible 
tergite very large, with a depressed, rounded patch of pubescence in 
each dorso-anterior angle, appearing at first glance to be the pygidium. 
Fifth visible tergite (true pygidium) small, and beneath the overhanging 
fourth. First visible (true second) sternite suddenly produced 
anteriorly in median line; fourth visible sternite strongly produced 
each side into a prominent triangular, arcuate process. 

Metasternum.—(Figs. 7,8). Witha deep fovea between and posteriad 
to mesocoxae, and with central area strongly depressed and elevated at 
sides, the elevation much more pronounced posteriorly, posterior margin 
between metacoxae elevated in median line, this median elevation 
finely divided by a linear, nearly vertical, sulciform depression. 

Legs.—(Figs. 8, 10). Mesothoracic trochanters bluntly and promi- 
nently spined. Metathoracic legs strongly marked; a long, oblique, 
inclined carina on apical third of femur; tibia with a very prominent 


'The antennal cones are probably sensory in function, and in a revision of 
Illinois Pselaphidae, now nearing completion, I have found similar cones upon the 
distal antennal segments of local species in diverse genera (Melba, Dalmosella, 
Euplectus, Bibloplectus, Tychus, Pilopius and Tmesiphorus). Apparently these 
structures are rather generally distributed, and since their number, arrangement 
and form tend to differ in different groups, we may have here another taxonomic 
aid, especially in Euplectini. The cones appear similar, if not homologous, to 
the distal seta of the maxillary palpi in many pselaphids, and also to the sensory 
cones, so-called, on antennae of other insects (Thysanoptera, Chalcididae, Procto- 
trupidae, etc.). Iam indebted to Dr. W. P. Hayes and Dr. H. H. Ross for aid and 
criticism concerning these very interesting antennal cones. 
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elevation on the mesial swollen face, the surface of elevation flattened 
and strongly pubescent; tibial spur of very long, fine setae which take 
origin at apical fifth. 

Erected upon one male (holotype) from Turrialba, Costa 
Rica; in the collection of the author. 

IT, turalbus is distinct from all described species save one, 
H. tibialis Raffray, to which it is distinctly related by many key 
characters, and especially the nature of the male modifications 
of the metasternum and metathoracic legs. Both of these 
species belong in Group IV (Raffray, 1904) and are readily 
separated by the following: 

Hamotus tibialis Raffray (*). 

(1904, p. 392, Fig.) 

Metathoracic tibiae swollen, with a 


Hamotus turalbus sp. nov. (co). 


Metathoracic tibiae swollen, with a 





large, oblong, pubescent fovea on 
mesial face. 
Antennal segments 9 and 10 trans- 
versely square; equal in size. 


conspicuously prominent elevation 
on mesial face; this elevation flat- 
tened distally and densely pubescent. 
Antennal segments 9 and 10 transverse, 
narrowed distally; 10 longer and 


wider than 9. 
Described from Costa Rica. 


Length, 2.58 mm. 


Described from Mexico. 
Length, 2.9 mm. 


Hamotus (Hamotoides) monachus Reitter 
One male in my collection from Turrialba, Costa Rica, 
answers to the description of this species. It is known from 
Yucatan and Guatemala, and this note is given here to extend 
the very small list of pselaphids known from Costa Rica. 
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EXPERIMENTALLY INDUCED CHANGES IN THE CELL 
COMPLEX OF THE BLOOD OF PERIPLANETA 
AMERICANA (Blattidae: Orthoptera)! 


ALFRED TAYLOR, 


Department of Entomology, Oregon State College, 
og) g g 
Corvallis, Oregon 


Insect blood corpuscles have been variously classified by 
different workers, Cuenot (1897), Hollande (1907), Berlese 
(1909), Tillyard (1917), but as Muttkowski (1924) has pointed 
out the names proposed can be reduced fairly well to a unified 
system. Muttkowski himself recognized but two general 
types among insect blood cells, the large lightly staining cor- 
puscles and the smaller darker staining cells. He called the 
large cells amebocytes and the smaller ones chromophils and 
stated that the two types were connected by a series of 
intermediate corpuscles thus tending to show that all were 
derived from one primary cell element. He gave as his opinion 
that the amebocytes which he found to be highly vacuolated 
were old degenerating cells and that the chromophils were 
more embryonic in nature and in the course of their cycle 
of life gave rise to the other kinds of cells found in insect blood. 

Haber (1926) arrived at substantially the same conclusion 
from his studies of the blood of the German cockroach. The 
large amebocytes he reported as being highly vacuolated and 
generally degenerative in appearance. 

More recently Bogojawlensky (1932) has designated the 
small chromophils found in the blood of representatives of 
the Orthoptera as the ‘mother-cells’ from which the other 
types of cells are formed. 

The present investigation was undertaken in an effort to 
throw more light on the problem of the relationship existing 
between the two types of corpuscles found to be characteristic 
of the blood of many insects. Which of the two kinds of blood 
cells are primary and which secondary? Are insect blood 
corpuscles replenished by mitotic division in the case of adult 
forms as seems to be the universal belief or is some outside 


1] wish to express my appreciation to Professor H. A. Scullen for his interest 
and cooperation in this research. 
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tissue responsible for keeping the blood supplied with these 
elements? These questions were felt to merit closer scrutiny. 

In an effort to answer the first question, relative numbers 
of the two types of cells present in the blood of animals in 
different age groups were determined and changes observed 
to occur in the cell complex of the blood of animals subjected 
to adverse environmental conditions were recorded. If the 
chromophils are the embryonic type of corpuscle and the 
amebocytes derived from them by a process of aging and 
degeneration then youthful vigorous animals should show a 
smaller percentage of the amebocyte cell type in their blood 
in comparison with the cell complex of the blood of older, 
less vigorous animals. Also lack of proper environmental 
conditions should cause significant changes in the proportions 
of the two kinds of cells present in the blood. 

The problem of whether the corpuscles are replenished 
wholly by division or are partially supplied by some other 
source was investigated by endeavoring to ascertain if cell 
division was frequent enough to account for observed changes 
in the relative numbers of the cell types present in the blood. 
If for instance it could be shown that the sudden influx of 
large numbers of amebocytes or chromophils into the blood 
was not accompanied by increase in the number of corpuscles 
undergoing mitoses, it could be inferred that some other means 
obtained for supplying these elements to the blood. 

The American cockroach was selected for this study both 
because of its availability and relative longevity. In addition 
the blood cells of this insect conform to the plan common to 
most of the insect orders. Nymphs, vigorous adults and feeble 
individuals were utilized. 

In preparing the corpuscles for counting and for study it 
was found that none of the techniques described in connection 
with investigations of insect blood were satisfactory. All of 
them that were tried produced grave malformations in the 
corpuscles thus giving an erroneous conception of the actual 
state of the cell. This was especially so with regard to the 
amebocytes. 

The smear method adapted to the requirements of insect 
blood was found to give satisfactory results and to subject 
the cell elements to a minimum of distortion. Improperly 
employed the smear method may lead to a mistaken idea as 
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to the real appearance of the cells and some of the results 
recorded in the past seem to have been based on observations 
of cells rendered defective by a faulty use of this technique. 
Whenever corpuscles are present in the prepared slide which 
show various types of filamentous pseudopodia, large peri- 
nuclear space or a generally vacuolated cytoplasm, the technique 
is probably at fault since all of these various types can be 
produced from the same blood by varying the method of pre- 
paring the smears. 

Normally the corpuscles found in insect blood have fairly 
smooth surfaces and are able to conform under slight pressure 
to various spaces. The reason why it is so difficult to obtain 
slides in which the cells have kept their natural outline is due 
to the type of coagulation characteristic of many kinds of 
insect blood notably the roaches blood used in this investiga- 
tion. The cytoplasm of the large amebocytes and to a lesser 
degree that of the smaller chromophils becomes entangled 
together. The cytoplasm also adheres to the gelatin of the 
plasma and as clotting progresses there is a certain contraction 
of the various elements involved. This draws out the cyto- 
plasm particularly that of the amebocytes producing so-called 
pseudopodia, vacuoles, and perinuclear spaces. 


METHODS 


The following method was adopted: (1) A good sized drop of 
insect Ringers solution? was placed on a clean slide, temperature of 
both slide and solution being kept at about 38°C. (2) The end of one 
of the insect’s antennae was cut off and the stump immersed in the 
drop of salt solution and at the same time the solution was stirred for 
a few seconds with a clean needle. (3) The mixture of blood and 
saline solution was next spread out so as to cover about three times 
its original area. (4) The slide was allowed to stand for a few minutes 
in the incubator at a temperature of 38° C. (5) When the cells had 
settled to the surface of the slide as shown by examination under the 
microscope, the surplus moisture was drawn off by the application of 
filter paper to the edge of the solution and the slide was fixed for five 
minutes in either Bouins or Dafanos solution—Bouins was used when 
the nucleus was under consideration and Dafanos when the cytoplasm 
was the object of study. For staining Heidenhains haemotoxylin was 
found to give good results with either acid fuchsin or eosin as a 
counterstain. 


2Sodium chloride, 0.9 percent; calcium chloride, 0.03 percent; potassium 
chloride, 0.025 percent; sodium bicarbonate, 0.02 percent, and distilled water, 
100 c. c. 
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In addition to fixed slides, frequent use was made of blood prep- 
arations made for studying the cells in vivo. A drop of blood was 
placed on a coverslip and then inverted over a hollow culture slide the 
cavity of which contained insect Ringers solution. The edges of the 
cover slip were sealed with paraffin thus permitting immediate study 
with oil immersion magnification. Neutral red was used for staining 
live cells. 

From slides prepared as outlined above and from the examination 
of fresh living blood, counts were made of representative areas for the 
amebocytes and the chromophils. Counts of 500 or more cells were 
made using several slides for each insect at each determination. This 


TABLE I 


PROPORTION OF AMEBOCYTES TO OTHER FORMED ELEMENTS IN THE BLOOD OF 
Periplaneta americana 














15 MM. NYMPHS MATURE ROACHES OLp FEEBLE ROACHES 
— 
Animal Amebocytes | Animal | Amebocytes | Animal | Amebocytes 
| per 100 Cells | per 100 Cells | | per 100 Cells 
ee 60 Ml.....| 10 TR ae 2 
Ny2.......| 48 M2..... 12 | 02..... 3 
Ny3....... 51 M3 10 Dns ws ne 4 
Oise 58 M4.....| 7 | 04 0 
BN sien 32 M5.....| 8 POR 552 2 
EP siccued 54 BPs esa 4 Av. 2.2 
ee | 57 M7.....| 16 
NV. ..65 ss! 34 MB...... 3 
My®.......1 46 M9.....| 10 
PaO... | 41 M10.... 11 
Mareaanns 48.1 ae | 9.1 | 


was done first with adult roaches living under normal conditions where 
moisture and food were in accord with their requirements. In this 
way the ratio of the amebocytes to the chromophils in what appeared 
to be vigorous adults was obtained. In the same manner the blood of 
nymphs was investigated and that of feeble roaches near death. Then 
individuals from the normal adult group were subjected to various 
adverse conditions over varying periods of time and changes in the 
blood cell complex recorded. 


RESULTS 


Examination of roaches that were in the full vigor of maturity 
displayed a fair uniformity in the relative proportions of the two types 
of corpuscles found in their blood. The counts showed a range, Table I, 
from roach M8 with 3 percent amebocytes to 16 percent for roach M7. 
Most of them as the representative list given in the table shows were 
around 8 to 10 percent with a general average for the ten listed of 
9.1 percent. 
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Roaches which were becoming feeble and neared death revealed 
blood conditions in this respect in striking contrast to that of the normal 
group. As Table I shows amebocytes were practically absent from 
their blood altogether and were just that in specimens dying from 
natural causes. In addition to the scarcity of amebocytes in the 
blood of this group many of the chromophils showed nuclear 
disintegration. 

Nymphs, on the other hand, showed a high ratio of amebocytes 
to chromophils. Table I gives an average of 48.1 amebocytes per 
hundred cells for 15 millimeter nymphs. 

The effect of subjecting normal roaches to an environment deficient 
in moisture manifested itself in very definite changes in the relative 
number of amebocytes contained in the blood. At the end of the 


TABLE II 


CHANGES IN THE RATIO OF AMEBOCYTES TO OTHER CORPUSCLES IN THE BLOOD OF 
Vicorous ROACHES WITH UNFAVORABLE ENVIRONMENTAL CONDITIONS 














MotstuRE DEFICIENCY NoRMAL CONDITIONS 
ANIMAL | | -——— 

Ist Day | 2nd Day 3rd Day | 4th Day | 5th Day | 6th Day 

Percent | Percent | Percent Percent | Percent Percent 
Bee yixker ss 7 62 47 19 17 7 
M2.. 14 48 72 48 | 23 14 
M3.... | 11 52 53 4] 36CéS 18 
Re iciso 9 | % | 62 43 | 18 | 16 
M5 aiteaal 18 59 41 30. | 52 | 3 
M6 9 | 71 62 61 | 33 33 
M7 Bice 15 42 58 59 44 22 
MS8.. seal 9 | 29 64 52 39 26 
M9.........| is | 54s 82 63 | 37.—iCSYS 19 
M10 | as 4 59 56 48 | 30. | 23 
Average... 11.2 | 55.1 | 59.7 46.4 | 32.9 | 18.1 





third day the percentage for these cells had increased as Table II 
reveals from an average of 11.2 to an average of 59.7 percent. For 
the following three days normal conditions were resumed and the 
amebocyte percentage fell to an average of 18.1 percent of the total 
cellular elements contained in the blood. A more prolonged experiment 
of the same type was carried on for sixteen days with an individual 
roach. The result is recorded in Figure 1. In this case the percentage 
of amebocytes in the blood to start with was ten percent. At the 
end of two days in a dry atmosphere the amebocyte percentage had 
risen to 65 percent. Restoration of normal conditions for two days 
brought about a drop to 22 percent then with moisture deficiency again 
the amebocyte percentage rose at the end of five days to 59 percent 
and finally a return to normal conditions in four days reestablished 
practically the blood cell complex obtaining at the beginning of the 
experiment. 
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Figure 2 records the effect of keeping a roach under normal con- 
ditions but without food. It will be noted that in this case the first 
effect was a rapid increase in the percentage of amebocytes present 
in the blood but as the subject weakened there was a diminution of these 
corpuscles until at the end of the eighth day there was only 6 percent 
of the blood cells of this type. Feeding after the fast had for its 
immediate effect a rise in the percentage of the amebocytes followed in 
a few days by a return to the normal condition in this respect. 


quacsued 


123 45 6 7 8 9 1011 12 1314 15 16 
days 
Fic. 1. Variations in the percentage of amebocytes present in the blood of the 
American roach concomitant with a variable moisture supply. Ist and 2nd 
days, no water; 3rd and 4th days, normal conditions; 5th, 6th, 7th, and 8th 
days, no water; 9th day on normal conditions. 
60 
50 


40 


30 


quasiad 


12 34 5 67 8 9 10 11 1213 14 
days 
Fic. 2. Variations in the percentage of amebocytes present in the blood of the 


American roach concomitant with a variable food supply. First 7 days, no 
food; 8th day onwards, normal conditions. 


Using essentially Glaser’s (1917) technique, blood cultures were 
kept for weeks at a time. It was found that the amebocytes were the 
most active both in emigrating to the periphery of the hanging drop 
and in the rate of their mitotic division. Division did occur among 
the chromophils of all sizes but less frequently. Glaser himself reported 
that the amebocytes were the only cells which multiplied in the tissue 
cultures which he made of insect blood. Tissue culture of the blood 
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also provided a means for studying more closely the internal structure 
of the various blood cells. It was noted that the cytoplasm of both 
the chromophils and the amebocytes is richly supplied with a variety 
of granules and other cytoplasmic elements. In no instance were 
vacuoles, perinuclear space, or other signs of degeneration evident in 
the large amebocytes. 

Observation of fixed and living material revealed an almost com- 
plete lack of cell division in the case of the corpuscles of mature forms. 
Changes in the relative numbers of amebocytes and chromophils present 
in the blood were not accompanied by an increase in cell division. In 
the case of some roaches no cell division of any kind was observed from 
the beginning to the end of the experiment. 


DISCUSSION 

From the results obtained, it appears that the large lightly 
staining leucocytes which, following Muttkowski’s nomen- 
clature, are designated as amebocytes, tend to be more numerous 
in the roaches blood whenever a vigorous adult is subjected 
to conditions which require a redistribution in the body of 
such essentials to life as water or food. If lack of sufficient 
food or moisture is prolonged to such an extent as to seriously 
weaken the animal then the chromophils again become the 
dominant blood cell type. Further it is seen that the blood 
of nymphs normally contains a high percentage of amebocytes 
while that of old, decrepit animals has few or none at all. 
Finally it must be emphasized that the amebocyte type of 
blood cell when observed in vivo or in properly prepared fixed 
slides always appear to be healthy vigorous cells. These 
data indicate then that the amebocytes are the primary cell 
types contrary to the general assumption and that the various 
chromophil types are derived from them. 

It seems unreasonable to suppose that a nymph would 
have a preponderance of degenerating blood cells while an 
old feeble animal had few or none of them in its blood. Still 
further bearing out the assumption that the amebocytes are 
the primary type is the fact that in the course of one day the 
complexion of the blood can change from six percent to sixty- 
five percent amebocytes while the change the other way in- 
variably takes more time. 

Investigators who have worked on insect blood, so far as 
can be ascertained, agree in assuming that the blood cells in 
the case of insects are replenished by division at least in the 
case of adult forms. However, there seems to have been 
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few if any investigations undertaken to find out just how prev- 
alent division is among the formed elements of the blood 
of adult animals. Haber (1926) reported he had seen no 
mitoses though he examined several hundred smears and in 
the present investigation it has been noted how extremely 
infrequent division of blood cells is in the blood of mature 
roaches. How then can one account for the sudden swarming 
within the course of a few hours of a type of cell only sparsely 


Fic. 3. Blood cells from the blood of the American roach. A and B, amebocytes; 
C and D, chromophils. All drawn at the same degree of magnification. 


represented before and with cases of cell division often absent 
altogether for a whole series of blood determinations. It 
would seem probable that in the case of the amebocytes some 
undetermined tissue or tissues furnish them to the blood. 
This would account for the sudden rises in the number of 
amebocytes in the blood while their diminution takes place 
more slowly. . It is understandable that where corpuscles are 
furnished by an outside tissue that they could be stepped 
up very quickly in the circulating fluid, but where they arose 
by degeneration or transformation from another type of cell 
the transition would take a longer time. 





Insect Blood Cells PLATE I 
Alfred Taylor 





Fic. 4. Photomicrograph of large amebocytes from the blood of the American 
roach. 

Fic. 5. Cluster of representative chromophils. (Photomicrograph.) Mag- 
nification the same for both figures of Plate I. 
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SUMMARY 


1. The large, lightly staining cells found in the roaches 
blood constitute a greater percentage of the formed elements 
in the blood of nymphs than is the case with the blood of 
mature roaches. Feeble roaches have few if any amebocytes 
in their blood. 

2. Lack of sufficient moisture or food causes a rapid rise 
in the relative number of amebocytes present in the blood of 
vigorous, mature roaches. If unfavorable conditions are too 
prolonged the blood complex tends to go the other way and 
approach that common to old, feeble animals. Feeding after 
a few days fast is accompanied by a rise in the percentage of 
amebocytes in the blood. 

3. Amebocytes are the most active cells in tissue cultures 
of roach blood both in emigration and in mitotic division. 

4. Mitoses occur too rarely in the blood of mature roaches 
to account for the rapid increase of amebocytes observed to 
occur when these animals are subjected to unfavorable 
conditions. 

5. It seems probable from the data presented that the 
amebocytes are the primary cell element in the blood of the 
roach and that they give rise to the other formed elements 
in the course of secondary transformation. Further it would 
seem that the amebocytes are furnished to the blood by some 
outside tissue or tissues. 
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THE EFFECT OF ACETIC ACID VAPOR TREATMENT ON 
BLOOD CELL COUNTS IN THE COCKROACH, 
BLATTA ORIENTALIS L.' 


(Blattidae: Orthoptera) 


Ropert A. FISHER,” 


Department of Entomology, University of Idaho, Moscow, Idaho 


A certain amount of error in making blood cell counts in 
the cockroach, Blatta orientalis L., is caused by the rapid 
coagulation of the blood of the insect. Rapid coagulation 
also causes error in blood cell counts of other species of cock- 
roaches, (Yeager and Tauber, 1932). These authors, in de- 
termining the total blood volume of the cockroach by the 
corpuscle dilution method, found that the error due to un- 
controlled coagulation averaged about 14 percent. Shull, 
Riley and Richardson (1932) and Shull and Rice (1933) have 
shown that coagulation of the blood of the cockroach can be 
inhibited by treating the insects with glacial acetic acid vapor. 
Data presented in this paper show the effect of such inhibi- 
tion on the blood cell count in the cockroach, Blatta orientalis L. 


Method—The technic used in making the counts was essentially 
the same as that commonly used in counting the leucocytes in human 
blood, except for the variations necessary to handle insect blood. 
The blood was obtained by severing both antennae near their bases 
and by applying pressure to the body of the cockroach. The exuding 
drops of blood were collected in a white blood cell diluting pipette. 
The pipette was filled to the 0.1 mark in each case, in spite of the fact 
that occasionally larger amounts of blood might have been obtained. 
the pipette was then quickly filled with diluting fluid and shaken for 
three minutes. Three drops of the mixture were discarded before 
filling counting chambers. The diluting fluid was made up of 0.081 
M NaCl, 0.002 M KC1, 0.001 M CaCle + 2H,0, 0.125 percent glacial 
acetic acid and 0.005 percent gentian violet, (Yeager and Tauber, 
1933). The first counts were made with a single counting chamber, 
but all succeeding counts were made with a Levy counting chamber, 
with improved Neubauer double ruling (United States Bureau of 
Standards, Certified). 





1Published with the approval of the Director as Research Paper No. 116 of 
the Idaho Agricultural Experiment Station. 

The author wishes to express his appreciation to Dr. W. E. Shull, of the 
Idaho Agricultural Experiment Station, for the many valuable suggestions given 
during the course of this study. 
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All of the cockroaches used were kept at a constant temperature 
of 28° C. and at a relative humidity of 100 percent on a diet of bananas 
for at least four days before making counts. Specimens used in this 
experiment were obtained from Columbus, Ohio. 

Roaches subjected to acetic acid vapor before blood cell counts 
were made were treated by the method described by Shull and Rice 
(1933). The temperature of the acid was maintained at 30° C. The 
blood cells were counted immediately after treatment, except as indi- 
cated in the tables. 

Cell counts were made on three series of cockroaches: one in which 
the insects were not treated with acetic acid vapor (Table I); a second 
in which the insects were treated with acetic acid vapor (Table I); 
and a third in which cell counts were made on the same individuals 
both before and after acetic acid vapor treatments (Table III). After 
making a cell count on an untreated cockroach of the third series the 
cockroach was again placed in the constant temperature cabinet, 
allowed to remain there for 24 hours, then treated with acetic acid vapor 
and the second count made. The relative amount of blood obtained 
was rated as little, medium and much. This rating was determined 
by the speed with which the blood flowed from the cut antennae and 
by the pressure necessary to force the blood from the insect’s body. 

Results—All cockroaches recorded in Table I were large nymphs. 
The ‘Untreated’? column gives the results obtained from 22 cock- 
roaches which were not subjected to the acetic acid vapor treatment. 
The results obtained from 25 cockroaches treated with acid vapor 
are recorded in the ‘‘Treated’”’ column. Insects 22 and 47 were bled 
by cutting the leg at the midpoint of the coxa. The cell count from each 
chamber of the hemocytometer is given. 

The minimum cell count of the untreated cockroaches was 7,000 
cells (No. 6, Table I); the maximum 45,800 cells (No. 16, Table I). 
The minimum cell count for treated cockroaches was 9,400 cells (No. 
34, Table I); the maximum 74,500 cells (No. 47, Table 1). The average 
count in the treated cockroaches was approximately twice as great as 
the average count of the untreated cockroaches. 

The average number of cells per cubic millimeter of blood from cock- 
roaches listed in Table I, yielding little, medium and much blood 
respectively, is presented in Table II. 

It is apparent from the results presented in Table II that the cell 
counts in those insects from which larger amounts of blood could have 
been taken were higher than those in which a medium amount of 
blood was obtainable, and that the latter counts were still higher than 
those from insects which yielded small amounts of blood. It should 
be noted here, however, that the same amount of blood was used in 
all cases even though it might have been possible to obtain more from 
the cockroach. 

The results obtained by making cell counts on an individual cock- 
roach, both before and after treatment, were quite comparable to those 
of Table I. The “Untreated” column of Table III presents results 
of cell counts made before the cockroaches were treated with acetic 
acid vapor; the “Treated” column presents results of cell counts made 
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TABLE I 
BLoop CELL CouNTsS IN COCKROACHES TREATED WITH ACETIC ACID VAPOR 
COMPARED TO CELL COUNTS IN UNTREATED COCKROACHES 


UNTREATED INSECTS TREATED INSECTS 





Cita ce 4 Relative Conditior 
Insect tia aa Amount Insect of Roach 
No. ‘ Ri..g | Of Blood No. After 
3lood Obtained Treatment 
1 12,700 Much 23 30 25,500 Alive Mediur 
2 10,400 Little 24 30 27,100 Alive Much 
16,400 Medium 25 30) 21,800 Alive Littl 
4 21,000 Much 26 30 25,700 Alive Mediun 
5 12,500 Medium 27 30) 17,300 Alive Medium 
7,400 Medium 28 45 10,200 Alive Little 
6,600 
7 13,600 Much 29 30 19,400 Alive Medium 
11,800 
8 34,000 | Much 30 30 42,800 | Alive Much 
26.800 44,200 
9 13,000 Much 31 30) 33,200 Alive Much 
12.400 33,800 
10 33,400 Much 32 30 23,400 Alive Much 
46,200 22,200 
ll 16,800 Medium 33 30) 36,600 Alive Much 
14.800 32 600 
12 15,000 Medium 34 4() 8,400 Alive Littl 
15,600 10,400 
13 19,800 | Medium 35 35 26,600 | Alive | Littl 
| 19,000 27,200 
14 16,400 Little 36 30) 14,800 | Alive Medium 
15,400 16,200 
15 12,400 Much 37 40 46,000 Alive Much 7 
10,400 | 45.800 
16 48,800 Very much 38 4() 48,600 Dead Medium 
42.800 | | $7,000 
17 11,800 Much 39 40 31,600 Alive Little | 
9,000 | 27,000 
i8 | 12,600 Medium 40 30 31,800 Alive Medium 
13,600 | 35,200 
19 17,200 Much 41 35 59,800 Dead Medium 
16,400 59,400 
20 23,000 | Much 42 50 72,200 Nearly dead | Much | 
21,400 | 67,600 
21 10,200 | Little 43 45 35,200 Dead Medium | 
11,200 | | | | 33,400 | | 
22 12,400 | Much 44 45 | 19,200 | Nearly dead | Little 
13,200 Leg) 18.800 } 
45 30 11,800 | Dead Little | 
11,600 | 
46 45 64,200 Dead Medium 
64,800 ' 
47 45 | 75,200 Dead Much 
73,800 Leg 
Average. .| 17,800 | 34,635 
7.000 9,400 





45.800 74.500 
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on the same cockroach after treatment. Nymphs are designated by 
““N,” males by ‘‘M” and females by “‘F.” The results presented in 
the last column were obtained by averaging the two counts from both 
chambers of the hemocytometer and then subtracting the ‘‘ Untreated”’ 
from the ‘‘ Treated.” 


TABLE II 


THE AVERAGE NUMBER OF CELLS PER CUBIC MILLIMETER OF BLOOD TAKEN FROM 
ALL OF THE INSECTS LISTED IN TABLE I IN RELATION TO THE 
AMOUNT OF BLOOD OBTAINED 


NUMBER OF CELLS PER, CU. MM. OF BLOOD 








Untreated Treated 

Cockroaches Cockroaches 

cceneniaina siealihiiniieaitianeiiicianisagiamimniniins sil erccibaaialalteaaiiaaaat -| a aa 
Little 12.720 | 18,717 
Medium | 14,175 37,019 
Much... 21,077 45,033 





The minimum cell count of the untreated cockroaches was 4,200 
(No. 69, Table III); the maximum 40,200 (No. 63, Table III). The 
minimum for treated cockroaches was 8,300 cells (No. 56, Table III), 


TABLE III 
BLoop CELL Counts oF INDIVIDUAL COCKROACHES BEFORE AND 
ArteR Acetic Actip VAPOR TREATMENT 











UNTREATED INSECTS TREATED INSECTS 
— elative . | Condition | ‘lative | Difference 
Insect | Ses ’ * . = a —— a x 34 oa of com | fe a Between 
No. re oat Blood ot Blood “Caer of Blo« xd ms After of Blood Treated & 
, Obtained : [Treatment | Obtained | Untreated 
48 N 14,800 Little 30) 27,000 Dead Much 11,200 
17,000 26 42 
49 N 14,000 Much 40) 32,600 Nearly Medium 19,800 
13,200 34,200 dead 
50 N 9,600 Medium 55 17,000 Alive | Little 7,100 
9.800 16,600 
51 N 32,200 Much 25 39,600 Dead Medium 7,200 
31,000 38,000 
52 N 8,800 Much 45 37,800 Nearly Medium 25,300 
9,200 34,800 | dead 
53* N 10,000 Medium 35 13,600 Dead Little 4,500 
} 9,000 14.400 
54 N 23,000 Much 25 65,600 Nearly Much 43,500 
| 24,000 68,400 dead 
55 N 26,800 Much 30 } 84,600 Nearly Much 56,300 
27,800 82,600 dead 
56 N 27,200 Very much 45 8,200 Nearly Little | —20,300 
30,000 8,400 dead | 
57 | N 27,000 | Much 45 | 35,600 Nearly | Much 7,700 
| | 


25,800 ! 32,600 dead 





} 


»-half hours after treatment. 
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TABLE III—Continued 














Unt ED INSECTS PREATED | 
Cells pe M ( ‘ ( Rel ‘ Differe 
Se Se cu. in Acid cu. m1 of R Amo Between 
d Blood Vapor of Blood After f Blood l're 1& 
1 Treatment | Obtained Untr ed 
8 N 12,600 Medium 35 31,200 Dead Much 18,200 
13,200 31,000 
59 N 20,400 Medium 30 19,800 Nearl\ Mediun None 
19,200 19,800 lead 
60 N 22,600 Medium 0) 15,000 Dead Little 7,000 
22 600 16,200 
61 N 20,200 Medium 0) 17,400 Nearly Littl 1,600 
18,400 18,000 dead 
62 N 15,000 Medium 30 59,800 Nearly Medium 45,500 
13,000 59,200 dead 
63 N 36,000 Medium 30 51,000 Nearly 11,300 
44.400 52,000 dead 
64 N 21,700 Medium 40 27,000 Nearly Medium 5,300 
19,700 25,000 dead | 
65 F 9,000 Medium 35 20,800 Nearly Medium 11,900 
8,400 20,400 
66 M 10,200 35 21.800 Little 12,300 
9.800 | 22 800 
67 F 12,000 Much 30 21,200 Little 10,100 
12,200 23,200 dead 
68 M 8,800 Little 15 13,400 Dead Littl 5,000 
7,600 13,000 
69 F 4,600 Little 25 70,400 Dead Medium 66,400 
3.800 70.800 
70 N 10,400 Little 20 13,000 Dead Little 2,500 
10,600 13,000 
71 M 9,400 Litth 30) 32,600 Dead Little 23,400 
9.800 33,400 
72 M 6.400 Little 25 16,400 Dead Little 10,000 
5.400 | 15,400 
73 F 14,800 | Medium 25 35,800 | Nearly Medium 21,000 
14,200 | 35,200 de: 
74 F 9,400 Much 30) 37,000 Nearly Medium 28,100 
12,200 | 40,800 dead | 
75 M 6,400 | Much 25 35,200 Dead Little 29,100 
7,800 | 37,200 
76 N 14,400 Little 25 19,000 Dead Littl | 4,500 
14,800 19,200 
77 N 3,600 Little 30 77,200 Dead Medium | 63,600 
14,200 | 77,800 
78 N 12,800 | Little 35 46,400 Dead Little | 32,600 
14,400 46,000 
79 N 19,800 Little 35 31,600 Dead Little 7.700 
18,600 22 200 
80 N 12,000 Little 30 14,400 Dead Little 3,200 
9,600 13,600 
81 N 28,800 Little 30 33,000 Dead Little 3,600 
30,000 33,000 
Av. 16,112 32,903 
Min. 4,200 8,300 
Max. 40,200 83,600 
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and the maximum 83,600 cells (No. 55, Table III). The average, 
minimum and maximum numbers in treated cockroaches was approx- 
imately twice as great respectively as the average, minimum and 
maximum in untreated cockroaches. 

The average number of cells per cubic millimeter of blood from the 
cockroaches listed in Table III, which yielded little, medium or much 
blood respectively is presented in Table IV. 

The number of cells per cubic millimeter of blood increases in pro- 
portion to the relative amount of blood obtained (Tables II and IV). 
The average number of cells per cubic millimeter of blood for the cock- 
roaches in Tables I and III which were alive after treatment was 
26,566, and 36,173 cells for those that were dead or nearly dead. 


TABLE IV 


THE AVERAGE NUMBER OF CELLS PER CUBIC MILLIMETER OF BLOOD TAKEN FROM 
ALL OF THE INSECTS LISTED IN TABLE III IN RELATION TO THE 
AMOUNT OF BLOOD OBTAINED 


NUMBER OF CELLS PER CU. MM. OF BLooD 


AMOUNT OF BLOOD OBTAINED 


Untreated Treated 

Cockroaches Cockroaches 
Little 12,983 21,612 
Medium 16,808 42,325 
Much 17,000 48,580 


DISCUSSION 


These data show that blood from cockroaches treated with 
acetic acid vapor contains approximately twice as many cells 
as does the blood from untreated cockroaches. The low 
counts in untreated cockroaches is due mainly to the clumping 
of the cells that invariably occurs. Coagulation may also 
cause some of the cells to cling to the tips of the severed 
antennae, so that they do not enter the diluting pipette. Com- 
plete inhibition of coagulation is therefore necessary for ac- 
curacy in making cell counts. The technic of making the 
counts is simplified by the acid vapor treatment because more 
time is available for obtaining the blood without the danger 
of coagulation. The great variation in individual counts is 
difficult to explain. In a few instances, such as Insect 69, 
Table III, the wide difference between the first count on the 
untreated cockroach and the second count on the same cock- 
roach when treated is probably due to error in making the 
first count. 
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The average number of cells per cubic millimeter of blood 
in treated cockroaches is only slightly higher than averages 
given by Yeager and Tauber (1932, 1933) for Periplaneta 
fuliginosa and P. orientalis. Their method of drawing the 
blood directly into the diluting fluid may account for some 
increase over the cell counts of the untreated roaches of this 
experiment. The greatest factor affecting the cell count is 
probably physiological differences in the individual cock- 
roaches. Such differences might be brought about by age, 
stage of development, changing of environmental and food 
conditions, or other causes. 

Three of the cockroaches (56, 60 and 61, Table III) gave 
lower counts after treatment than before. In each case, the 
cockroach continued to bleed for some time after the first 
count was made. Yeager and Tauber (1933) record similar 
results for a cockroach subjected to extensive hemorrhages. 
This indicates, as they suggest, that blood plasma is replaced 
by the cockroach more rapidly than blood cells. The blood 
of these specimens contained excessive amounts of fatty globules, 
which may have prevented normal coagulation. 

The reason for the relationship between the relative amount 
of blood obtained and the cell count is open to question. The 
ease with which blood is obtained does not necessarily indicate 
the total blood volume of the insect. It is possible that tissue 
fragments or other materials might obstruct the antennal 
hemocoel and hold back both blood plasma and cells, which 
would account for the results obtained. 

The results of Shull and Rice (1933) show that coagulation 
may temporarily be inhibited by treating the cockroaches with 
acetic acid vapor for 10 to 12 minutes at 30°C. Preliminary 
counts made by the author showed that the blood of cock- 
roaches treated for this length of time still contained small 
clumps of cells. Most of the clumping was eliminated by 
increasing the time in the acetic acid vapor to 30 minutes. 
Even then, if the roach was still alive after treatment, small 
clumps of cells occasionally appeared. Only when the roaches 
were dead, or nearly so, was coagulation completely inhibited. 
It would seem, then, as might be supposed, that complete 
fixation of the cells results in the death of the cockroach. 
This conclusion is confirmed by the average cell counts of 
cockroaches that were alive after treatment as compared to 
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those that were dead. The cells in blood in which coagulation 
is completely inhibited retain their normal shape, while those 
of other samples lose their shape and become rounded. The 
point at which inhibition is complete is indicated better by 
microscopic examination of the diluted blood in the counting 
chamber than by observation of a drop of blood in oil as has 
been previously done, (Yeager, Shull and Farrar, 1932). 


CONCLUSIONS 

1. The blood cell count from the cockroach, Blatta orientalis, 
when treated with glacial acetic acid vapor to inhibit coagula- 
tion, was approximately twice as great as that from cock- 
roaches which were not treated. 

2. Greater accuracy and simplicity in making blood cell 
counts were obtained after inhibiting the coagulation of the 
blood. 

3. The wide variation in cell counts was probably due 
largely to physiological differences in individual cockroaches. 
4. Excessive bleeding lowered the blood cell count. 

5. The cell count per cubic millimeter of blood was pro- 
portional to the relative amount of blood obtained from the 
cockroach. 

6. Higher cell counts per cubic millimeter of blood are 
obtained when the cockroach is killed by the acetic acid vapor 
treatment, due to the complete inhibition of coagulation. 

7. The point at which complete inhibition of coagulation 
occurs is better indicated by observation of diluted blood in 
the counting chamber than by observation of a drop of blood 
immersed in oil. 
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SOME NEW SPECIES OF DELTOCEPHALOID 
LEAFHOPPERS 


(Homoptera Cicadellidae) 


DwiGut M. DELonNG, 


Ohio State University, Columbus, Ohio 


Flexamia rubranura n. sp. 
(Figs. 2, 2A, 2B) 

In size and form resembling abbreviata but with short wings, distinct 
coloration and distinct genital characters. Length, 3-3.2 mm. Vertex 
one-third longer than width between eyes, twice as long as pronotum. 
Elytra short, covering only the first three or four abdominal segments. 

Color.—Pale yellow to brown. A broad black wedge-shaped mark, 
composed largely of wide black transverse bars, extending from apex 
of vertex to claval area of the wings. A pair of black spots on pronotum 
behind the eyes and two pairs at about the middle of the wings. 
Abdomen with four longitudinal black lines, a proximal pair near middle 
extending almost to tip of abdomen and a broader stripe near outer 
margin either side, converging at tip of abdomen. Face and beneath 
dark brown to black. Male agreeing in color with female except that 
the posterior half of the pygofers are bright red and conspicuously 
exposed. 

Genitalia.—Female last ventral segment almost truncate, middle 
third slightly produced and notched at middle forming a broad truncated 
or concavely rounded tooth either side, a black spot either side of middle. 
Male valve broadly triangular, plates gradually tapered to broadly 
rounded apices which are about one-half as wide as basal width, exceeded 
in length by bright red pygofers. 


Described from a large series of male and female specimens 
collected in a prairie habitat from short grasses at Evergreen, 
Illinois, August 23, 1934, by Dr. H. H. Ross and the author. 
Holotype male and allotype female and male and female 
paratypes in Illinois Natural History Survey collection. Male 
and female paratypes in author’s collection. 


Flexamia surculus DeL. & Slees. 
(Figs. 1, 1A, 1B) 
Flexamia surculus DeL. & Slees. Anns. Ent. Soc. Amer, 22: 99, 1929. 
Since this species was not illustrated at the time of the 
original description, the characters are shown on the accom- 
panying plate. 
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Flexamia bidentata n. sp. 

Form and general appearance of visendus but darker in color and 
with distinct male genitalia. Length, 3-3.3 mm. 

Color—Tawny marked with brown. Veins of elytra heavily 
infuscated. 

Genitalia.—Female last ventral segment with large median tooth 
which is bifid at apex forming two sharp pointed teeth. Male plates 
very similar to visendus, but a little broader at apex and more deeply 
notched on inner margin. Male pygofers without the braod conspic- 
uous ventral flaps, which overlap in the case of visendus. Male oedagus 
with two terminal processes which are the size and type of those of 
visendus. 


Described from two male and one female specimens collected 
at Wellesley, Mass., October 6, 1920. Male holotype, female 
allotype and male paratype in author’s collection. 


Latulus occidentalis DeLong 
(Fig. 3) 
Latulus misellus var. occidentalis DeLong. Ohio State Univ. Bull. 2: 41, 1926. 


This was described as a varietal form of misellus Ball, but 
recent study has indicated this is a distinct form with an 
excellent genital character. Since the genital character was 
not figured at the time of the description it is illustrated in 
the accompanying plate. 

The posterior margin of the last ventral segment is distinctly 
and rather abruptly produced on the middle half and may be 
slightly concavely indented at the middle. 

It is known only from specimens collected in Oregon. 


Polyamia herbida n. sp. 
(Figs. 8, 8A, 8B) 


Resembling weedi in form and coloration but more robust with 
blunter vertex, coloration more conspicuous and distinct genitalia. 
Length, 2.8-3 mm. 

Vertex bluntly angled, slightly longer on middle than width between 
eyes. 

Color.—Vertex pale with a pair of black spots next ocelli and a pair 
of proximal oblique dashes just above apex. A dark band as in weedi 
between anterior margins of eyes and a brownish blotch on posterior 
portion of vertex, either side. Pronotum brown with five pale longi- 
tudinal stripes. Scutellum pale with a dark spot in each basal angle. 
Elytra brownish, veins mostly dark margined. Some of veins con- 
spicuously milk white; inner vein of clavus, cross veins of outer clavus, 
basal cross vein between sectors, cross veins of corium and veins 
surrounding outer anteapical cell, white. Face dark, with pale arcs. 
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Genitali *emale last ventral segment roundedly produced, lobes 
of underlying segment conspicuous at either side. Male valve bluntly 
angularly produced, plates rapidly narrowed and produced in long 
attenuate apices. 


Described from a series of five male and five female specimens 
collected from a sand prairie at Hanover, Illinois, July 10, 1934; 
one female collected from the same habitat at Thomson, IIl., 
July 8, 1934, and one female from Castle Rock, July 12, 1934, all 
taken by Dr. H. H. Ross and the author. Male holotype and 
female allotype from Hanover, IIl., and male and female para- 
types in collection of Illinois State Natural History Survey 
Male and female paratypes in author’s collection. 


Polyamia saxosa n. sp. 
(Figs. 5, 5A, 5B) 

Resembling compactus in form and appearance but with distinct 
color and genitalia. Length, 2.5-2.7 mm. 

Vertex bluntly angled, about as wide between eyes as median length. 

Color.—Vertex pale straw with a pair of brownish quadrate _ 
one next either eye and a pair of pale orange triangular spots at apex 
an interrupted brownish band between anterior margins of eyes and an 
area on posterior portion either side of middle, dark. Pronotum with 
dark spots on anterior portion. Scutellum pale with a brown spot at 
apex. Elytra straw to pale brown. Veins broadly white with brown 
areas on apical, costal and discal cells. Clavus white with two elongated 
cells brown. 

Genitalia.—Female last ventral segment very short at side margins, 
then gradually sloping to broadly rounded posterior margin which is 
slightly indented either side of a median rounded lobe. Male valve 
triangularly produced, apex rounded. Plates long, tapering to acute tips. 


Described from a series of eight male and female specimens 
collected July 11, 1934, by Dr. H. H. Ross and the author from 
short grasses growing on top of a high rock cliff which forms 
a part of the canyon wall at Apple River Canyon, Illinois. 
Holotype male and allotype female and male and female 
paratypes in Illinois State Natural History Survey Collection. 
Male and female paratypes in author’s collection. 


Polyamia grama n. sp. 
(Figs. 6, 6A) 


Resembling caperatus in general form and coloration but shorter 
and more robust, veins heavily margined with brown and male plates 
) 


longer. Length, 2.3 mm. 
Vertex longer than basal width between the eyes, bluntly angled. 
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Color.—Vertex pale with a pair of large spots just back of apex. 
A heavy transverse black band, broken at the middle extending between 
anterior margins of the eyes. A portion of this arising at outer end 
extends anteriorly surrounding the ocellus. Posterior half of vertex 
darker. Pronotum dark, marked with heavy black spots on anterior 
half. Elytra pale brown, veins lighter, margined with heavy brown 
infuscations. Elytra appearing longitudinally striped. Face with a 
heavy curved marginal band just below vertex extending down either 
side of face and arcs on face, dark brown. Beneath dark brown or black. 

Genitalia.~—Male valve broadly triangular, plates rather broad at 
base, then rapidly narrowed to narrow finger-like portions which are 
greatly produced and acutely pointed at apices. 

Described from two male specimens collected in Illinois. 
One male specimen was taken September 16, 1930, by the 
author at Chicago and the other was collected at Apple River 
Canyon State Park, August 27, 1934, by Dr. T. H. Frison and 
the author. Male holotype in author’s collection, male para- 
type in collection of Illinois State Natural History Survey. 


Laevicephalus amplecta n. sp. 
(Figs. 7, 7A) 


———— es” 


Resembling debilis in form and appearance, but with bluntly angled 
vertex and distinct genitalia. Length, 4 mm. 

Vertex bluntly angled, wider between eyes than length at middle. 
Vertex equalling pronotum in length. 

Color—Pale green washed with yellow. Vertex usually yellow, 
unmarked. Veins of wing rather conspicuous. Face marked with 
dark arcs. 

Genitalia—Female last ventral segment narrower than preceding 
segment and produced from base in a strongly convexly curved semi- 
circular segment. A conspicuous brown spot either side of ovipositor 
on posterior margin of segment. The underlying membrane showing 
} conspicuously at either side. 


i reeenennttlitteemenemnenett 


Described from four female specimens from Santa Clara 
County, Calif., collected April, 1926. Holotype female and 
female paratypes in author’s collection. 


| Laevicephalus shingwauki Beamer and Tuthill 
(Fig. 4) 
| Laevicephalus shingwauki Beam. & Tut. Jour. Kans. Ent. Soc. 7: 19, 1934. 


This species was recently described from two male specimens 
collected in southern Minnesota. During the past season it 
was collected in great abundance in northern Illinois and was 
one of the most abundant species in the fresh water marsh, 
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which habitat was quite dry during the past season. The 
description of the female is given below. 

The color is quite variable but the two black spots on the 
abdomen are always less conspicuous in the female than in the 
male. Female last ventral segment with lateral angles rounded 
to posterior margin which is produced at middle into a broad 
tooth. 

Female allotype and parallotypes in collection of Illinois 
Natural History Survey. Parallotypes in author’s collection. 
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NEW GENERA AND SPECIES OF AMERICAN 
MUSCOID FLIES 


(Tachinidae: Diptera) 


H. J. REINHARD, 
College Station, Texas 


This paper contains descriptions of three new genera and 
ten new species of Tachinidae from the United States and 
Mexico. Types of all the species, except as indicated below, 
are in my collection. 


Genus Exoristoides Coquillett 


A discussion of the genus with references and key to the 
known species, three in number (one new), was recently 
published by Aldrich (Proc. U. S. N. M., Vol. 81, 1932, pp. 
23-27). The two additional forms, described as new herein, 
apparently are congeneric with the type species, E. johnsoni 
Coquillett, which, in addition to the distribution records 
mentioned by Aldrich, also has been collected in the western 
part of Texas. 


Exoristoides harrisi, new species 


Male—Front at vertex 0.24 of the head width (one specimen), 
widening rapidly before middle and rather prominent at base of an- 
tennae; median stripe dark brown, at middle much wider than one 
parafrontal; the latter blackish near vertex with denser gray pollen 
downward, very sparsely black-haired; ocellar triangle bearing two pairs 
of proclinate bristles, not very large; orbitals absent; frontal bristles 
smaller than usual, extending to base of third antennal segment; 
verticals one pair (inner) developed; antennae three-fourths the length 
of. face, red the third segment slightly infuscated apically, about two 
times longer than second; arista short and practically bare, the thickened 
proximal two-fifths black remainder reddish, second segment approx- 
imately three times longer than broad; face receding, with a moderate 
depression, the ridges rounded or somewhat flattened downward, bear- 
ing a few hairs-above the vibrissae; parafacials gray pollinose, with a 
few inconspicuous short black hairs, about equal the width of third 
antennal segment; vibrissae on level with mouth but well above the 
lower edge of head; eyes hairy; cheeks black-haired, red in ground 
color, gray pollinose, about one-third the eye height; proboscis short, 
labella moderately large; palpi yellow; posterior surface of head gray 
pollinose, bearing some black hairs behind the fringe above and sparsely 
pale-haired downward. 
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Thorax black, the mesonotum lightly dusted with gray pollen leaving 
four narrow black stripes which are hardly defined except in a flat 
rear view; scutellum black the extreme apex faintly reddish, disk 
subshining but with thin gray pollen apparent when viewed in a 
favorable angle. Chaetotaxy: humeral 3; posthumeral 1; notopleural 2; 
presutural 1 (outer); acrostichal 3, ? 3; dorsocentral 3, 3; intraalar 3; 
supraalar 3; postalar 2; pteropleural 1 (moderately long); sternopleural 
1, 1; scutellum with three rather weak marginals besides a still smaller 
apical and discal pair; postscutellum normal, gray pollinose; infra- 
squamal hairs absent; calypters opaque, white the rims yellowish. 

Abdomen rather broadly ovate, subshining, black, basal margins 
of last three segments with gray pollen extending thinly to or beyond 
the middle in some views, and interrupted by a narrow dark median 
vitta; basal segment without median marginal bristles; second with 
weak discals and a submarginal pair; third bearing a discal and a 
median marginal pair besides two or three at the side, all rather small; 
fourth with a discal and a marginal row; genital segments moderately 
large, red; outer forceps inflated at base and narrowed outward, term- 
inating in a blunt or rounded tip; inner forceps narrow and beak-like, 
the acute apex bowed forward; fifth sternite black, with a moderate 
V-shaped incision. 

Wings subhyaline; first vein bare, third with two hairs at base; 
bend of fourth vein broadly rounded, without a stump or fold; first 
posterior cell open shortly before wing tip; hind cross vein somewhat 
oblique, joining the fourth slightly nearer bend than small cross vein; 
costal spine small and inconspicuous. 

Length, 5.6 mm. Female unknown. 


Described from one male specimen donated by Dr. H. M. 
Harris, Ames, Iowa, labeled ‘‘reared from Centipede, Geophilus? 
sp.?, pupated May 12, emerged May 25, H. M. H.” 

The species is considerably less robust in build than the 
genotype, but the genitalia are very similar. The more re- 
ceding face and the bare first vein of the wing distinguish it 
from most members of the genus. 


Exoristoides verticalis, new species 


Male—Front at vertex 0.27 of the head width in the one specimen, 
gradually wider toward antennae; parafrontals densely yellowish gray 
pollinose to vertex and sparsely clothed with erect short hairs; median 
stripe deep red, narrower than one parafrontal on the entire length; 
frontal bristles descending to base of third antennal segment, three 
pairs above antennae decussate and the three uppermost reclinate; 
orbitals absent; verticals two pairs, inner ones decussate, the outer 
pair but slightly smaller, divaricate; ocellars small but distinct, pro- 
clinate; parafacials bare, gray pollinose, about three-fourths the width 
of third antennal segment; face rather flat with the lower edge most 
prominent, its ridges flattened and practically bare; vibrissae on level 
with front edge of mouth; antennae approximating the length of face, 
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red the basal segments darker; third segment about three times longer 
than wide, the apex broad and evenly rounded; arista reddish black, 
finely pubescent, thickened on basal fourth, penultimate segment about 
twice as long as wide; cheeks gray pollinose, black-haired, about one- 
fourth the eye height; proboscis moderately stout, labella fleshy; 
palpi yellow, a little thickened and bowed apically; eyes with long 
brownish hairs; posterior surface of head gray pollinose, moderately 
clothed with pale hairs. 

Thorax gray pollinose, with four black subshining uninterrupted 
stripes which extend almost to base of scutellum, the latter black, 
also gray pollinose, with erect short hairs on disk. Chaetotaxy: 
acrostichal 3, 3; dorsocentral 3, 3; intraalar 3; supraalar 3; presutural 1 
(outer); notopleural 2; posthumeral 2; humeral 4; postalar 2; ptero- 
pleural 1 (large); sternopleural 2, 1; scutellum with a pair of small 
discals, three large marginals besides a hair-like non-decussate apical 
pair; propleura, prosternum, and sides of postnotum beneath calypters 
bare; postscutellum gray pollinose; calypters white. 

Abdomen black, the sides and anal segment reddish; last three seg- 
ments dusted with changeable gray pollen, with the hind margin of 
the intermediate ones darker and subshining in some angles; first seg- 
ment without median marginals, second with a small pair and discals 
which are barely larger than the adjacent hairs; third bearing a strong 
median pair and two at the side margin, besides three irregularly 
spaced smaller discal bristles; anal segment with a discal and a marginal 
row of about eight, the latter slightly shorter; genital segments reddish; 
inner forceps united and rather narrow, in profile view evenly bowed 
and terminating in a minute hook; outer pair also slender, directed 
forward, tapering to blunt evenly rounded tips; fifth sternite blackish 
with a narrow incision. 

Legs black the tibiae tinged with red, middle pair bearing three 
anterodorsal bristles, all large; hind tibia with an uneven row of not very 
closely spaced bristles on the posterodorsal side; claws and pulvilli short. 

Wings gray hyaline; first vein with coarse hairs extending from 
humeral cross vein to tip, the third also with coarse hairs to the small 
cross vein; fourth vein with an evenly rounded stumpless bend, thence 
oblique towards costa and concave before the tip leaving first posterior 
cell open shortly before the extreme apex of wing; hind cross vein 
slightly bowed near middle, moderately oblique, joining fourth dis- 
tinctly nearer the bend than small cross vein; last section of fifth vein 
very short; costal spine small; epaulets blackish. 

Length, 6.5 mm. Female not known. 


One male from Mexico without precise locality or col- 
lector’s label, August 28, 1923. 

In Aldrich’s key traces to urichi, from which it differs most 
essentially in the structure of the genitalia; the third antennal 
segment is wholly red and barely more than twice as long as 
wide; outer verticals large; pollen on front with a uniform 
yellow tinge, etc. 
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Uramyia aldrichi, new species 


Male—Front greatly narrowed on upper third, about twice the 
width of anterior ocellus before the triangle, in profile moderately 
prominent below; median stripe reddish brown, broad at antennae 
tapering to a point far before apex of triangle; vertical bristles hardly 
differentiated from the hairs along the posterior orbits; ocellar bristles 
slender, proclinate; narrowest part of front bare, the frontals beginning 
with the upper extremity of the median stripe and extending to base of 
antennae; parafrontals, parafacials, cheeks, and posterior orbits with 
dense grayish pollen; face moderately receding, its ridges with a few 
hairs on the lower extremity; vibrissae situated on the oral margin; 
parafacials bare, narrow; antennae reaching the lower fourth of face, 
black tinged with red basally, third segment concave on the front edge 
below the arista, nearly two and one-half times the length of second 
segment; arista moderately thickened and short-haired on proximal 
third beyond slender and practically bare, basal segments short but 
distinct; proboscis short; labella large and fleshy, pale yellow; palpi 
rather slender, yellow; cheeks sparsely clothed with fine long black 
hairs, about one-fourth the eye height; eyes densely hairy; back of 
head gray pollinose, rather thickly clothed with pale hairs. 

Thorax black, with dense gray pollen which is interrupted on 
mesonotum by the usual four black stripes; pleural hairs largely black; 
prosternum and propleura bare; scutellum black, densely gray pollinose 
except on middle of disk. Chaetotaxy: acrostichal 2, 3; dorsocentral 3, 
3; humeral 4; posthumeral 2; presutural 1 (outer); notopleural 2; 
supraalar 3; intraalar 2; postalar 2; pteropleural 1; sternopleural 2, 
1; scutellum with two large marginal, a smaller apical, besides a still 
smaller discal pair; a distinct cluster of infrasquamal hairs present; 
calypters semitransparent, white with a uniform yellow tinge. 

Abdomen black, elongate the anal segment terminating in a long 
tail-like process; intermediate segments gray pollinose, the posterior 
half black this color extending forward along the median line, each 
bearing a pair of discals situated well before the middle; fourth segment 
gray pollinose on basal third thence shining black and bristly; segments 
one and two each with a pair of median marginals, the third with a 
marginal row of eight or ten; venter with some pale hairs on the basal 
segments. 

Legs long and slender, black the tibiae more or less tinged with red; 
middle tibia with one large anterodorsal bristle; hind tibia with one stout 
and several small widely spaced bristles on the outer posterior edge; 
fore and middle claws elongated the hind ones distinctly shorter. 

Wings slightly infuscated along the veins and the costal margin; 
first vein bare, third with two hairs at base; bend of fourth vein nearly 
rectangular and bearing-a short fold; apical cross vein slightly concave 
gradually narrowing the first posterior cell which is rather broadly 
open a little before the wing tip; hind cross vein oblique, joining the 
fourth about one-third the distance from bend to small cross vein; 
last section of fifth vein short; epaulets black; costal spine not developed. 
Female—Very similar to male, but with the pleural hairs wholly 
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pale; calypters white; infrasquamal hairs absent, and the arista micro- 
scopically pubescent. Front at vertex 0.18 of the head width (one 
specimen) ; median stripe less narrowed behind, extending to vertex; 
two pairs of strong vertical and orbital bristles; legs shorter and stouter 
than in male, claws and pulvilli not elongated; genitalia with a pro- 
truding blunt-tipped ovipositor. 

Length: male, 19 mm. (including caudal process); female, 11 mm. 


Described from one male (holotype), ‘‘Etla, Oaxaca, 
Mexico, September, 1923, E. G. Smyth,” received from Dr. 
J. M. Aldrich to whom it is returned for deposit in the U. S 
National Museum; and one female, Chisos Mountains, Brewster 
County, Texas, June, 1931, (H. B. Parks). 

This and the following species were determined as new by 
Dr. J. M. Aldrich, who has kindly pointed out to me in cor- 
respondence that the present form agrees with U. halisidotae, 
except that the apical cell is more broadly open, and the third 
antennal segment is shorter and wider, with the anterior edge 
emarginate below insertion of the arista. 


Pseudeuantha umbratilis, new species 


In Aldrich’s key (Ins. Insc. Mens., Vol. 9, p. 87) traces 
to caloptera, from which it differs mainly in having the abdomen 
wholly shining black. 


Female—Front at vertex 0.26 and 0.27 of the head width in the 
two specimens, widening uniformly to base of antennae; parafrontals 
blackish, with thin shining gray pollen extending to vertex; median 
stripe reddish brown, extending broadly to triangle, which bears a 
pair of smallish proclinate bristles; inner verticals large and decussate, 
outer ones about two-thirds as long curving outward; frontals extending 
to base of antennae, the uppermost bristle curving outward all the 
others directed inward and decussate; two strong proclinate orbitals; 
face, cheeks, and posterior orbits with dense shining gray pollen; 
facial ridges bearing only a few hairs next to the vibrissae, which are 
situated on level with front edge of mouth well above the lower edge 
of head; parafacials bare, narrowed downward; antennae a trifle shorter 
than face, basal segments more or less reddish, the third largely black 
and slightly more than twice the length of second segment; arista 
black, long and slender, faintly pubescent, the second segment barely 
longer than thick; proboscis short and fleshy; palpi yellow, beset with 
black hairs; cheeks bearing a few hairs along lower margin, fully one- 
third the eye height; eyes distinctly hairy; posterior surface of head 
densely pollinose, clothed with intermixed pale and black hairs. 

Thorax black, lightly dusted with gray pollen; mesonotum sub- 
shining, with four poorly defined black stripes visible in a flat rear view; 
scutellum black, with thin changeable gray pollen. Chaetotaxy: 
acrostichal 2, 3 (none near suture); dorsocentral 3, 3; intraalar 3; 
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supraalar 3; postalar 2; pteropleural 1 (not very large); sternopleural 2, 
1; humeral 5; posthumeral 3; presutural 1 (outer); notopleural 2; 
scutellum with two large marginal, a strong decussate apical and a 
smaller reclinate discal pair; calypters opaque, white; postscutellum 
thinly gray pollinose; prosternum, propleura, and sides of postnotum 
beneath calypters. bare. 

Abdomen rather long and narrow, wholly shining black, with the 
hairs on entire upper surface depressed; intermediate segments each 
with a pair of stout discals; first segment without median marginals, 
second with one pair, and the third bearing a complete marginal row 
of stronger bristles; fourth segment with the usual marginal besides 
an irregular row of discals; genitalia retracted, the terminal process 
tapering to a blunt tip. 

Legs long, shining black the fore femora gray pollinose on hind 
side; middle tibia with three large anterodorsal bristles; hind tibia 
bearing a row of uneven bristles on outer posterior edge; claws and 
pulvilli shorter than the apical tarsal segment. 

Wings reaching slightly beyond tip of abdomen; yellow at base, 
this color extending from basal cells diagonally towards costa to tip of 
first vein thence black with the hind margin somewhat paler; veins 
bare except third which bears three bristly hairs at base; bend of fourth 
vein somewhat angular and usually bearing a minute stump; first 
posterior cell open shortly before the wing tip; hind cross vein joining 
fourth about two-fifths the distance from bend to small cross vein; 
last section of fifth vein short; epaulets black; costal spine small. 


> 


Length, 13 mm. Male not known. 


Described from two specimens collected at Donna, Texas, 
August, 1932, by J. W. Monk. Holotype, female, deposited 
in the U. S. National Museum. 


Politomyia, new genus 


Male only. A small wholly shining black fly distinguished from 
most tachinid genera by the absence of any well developed bristles 
on the abdomen, and the peculiar wing venation. 

Postscutellum and hypopleural bristles present. Head in profile 
subquadrate, with the frontal profile distinctly shorter than the facial, 
the posterior surface moderately bulging or convex. Eyes of moderate 
size, roundish and bare. Face with a broad deep depression, its ridges 
bearing short hairs on lowest fourth; parafacials about one-fourth 
the width of depression, inconspicuously haired along the inner margin. 
Antennae as long as the face, the two basal segments short; arista 
shorter than third antennal segment, thickened to tip, the penultimate 
segment hardly twice as long as thick. Vibrissae small, situated at 
mouth and about on level with lower border of head. Proboscis 
short and thick, labella large; palpi present. Cheek about two-thirds 
the eye height. Scutellum with three pairs of marginal bristles. 
Propleura and sides of postnotum beneath calypters bare. Abdomen 
rather long and flat, the ventral sternites concealed as usual by the 
overlapping tergites, without any well developed bristles. Legs rather 
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stout, the fore tarsus as long as the tibia, with the segments somewhat 
inflated; all claws and pulvilli small. Wings of ordinary form; costal 
spine not developed; first vein bare; apical cell closed and long petiolate; 
last section of fifth vein short. 


Type of genus—Politomyia angulineura, new species. 


Politomyia angulineura, new species 


Male—Head except eyes and median stripe polished black, without 
any trace of pollen; front moderately broad at vertex 0.35 of the head 
width in the one specimen, widening uniformly below; median stripe 
rather broad, reddish brown, deeply divided on upper extremity by 
triangle which bears small but distinct proclinate bristles; parafrontals 
considerably narrowed at vertex bearing scattered short black hairs 
on widest part; inner verticals erect, short and rather weak, outer ones 
not developed; orbital bristles absent; frontals small, directed inward 
and decussate at the tips, about eight in the row which extends to apex 
of second antennal segment; eyes strongly convex, not much longer 
than wide; antennae wholly red, third segment with the base and 
apex in front slightly prominent, about eight times longer than second 
segment which bears a number of black hairs on the front side;-arista 
red, bare, tapering evenly to tip, the basal segment very short; cheeks 
broad, clothed with black hairs on lower part; vibrissae shorter than 
arista, decussate at tips; palpi rather short, hardly thickened beyond 
middle, blackish near base and reddish apically; posterior surface of 
head without any pale hairs. 

Thorax and scutellum wholly shining black. The bristles except 
as noted very small or hairlike; acrostichal 3, ? 3; dorsocentral 3, 3; 
humeral 2 (of moderate size); posthumeral 1; presutural 1 (outer); 
notopleural 2 (of moderate size); intraalar 3; supraalar 3 (middle one 
of good size); postalar 2 (of moderate size); hypopleural 3-4; ptero- 
pleural 1; sternopleural 1, 1; scutellum with three good-sized marginals, 
the subapical ones longest without any smaller bristles at apex between 
them; postscutellum black with a paler membrane above; calypters 
semitransparent, whitish. 

Abdomen somewhat elongate, oval, flattened above, shining black 
without any pollinose markings or well devloped bristles; hairs on 
entire upper surface fine and depressed; genital segments moderately 
large, shining black; inner forceps black, united to apex and tapering 
outward, in profile nearly straight with the posterior surface flattened; 
inner ones swollen and yellow at base, narrowed and blackish apically, 
the tips blunt; fifth sternite black. 

Legs of normal length, shining black, all the bristles weak; hind 
tibia somewhat enlarged on apical half, with one or two small bristles 
near middle on outer posterior side; middle tibia bearing two small 
median anterodorsal bristles; basal segment of fore tarsus hardly equal 
the combined length of the two preceding segments, the segments 
of middle and hind tarsi also thicker than usual. 

Wings not reaching beyond apex of abdomen, brown on costal 
margin from near tip of subcostal vein and tinged with the same color 
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along the principal veins; fourth vein bent at a right angle leaving a 
minute stump, the last section approaching the third vein in an almost 
perpendicular direction joining it shortly behind tip of second vein so 
that the petiole of apical cell about equals the length of apical cross 
vein; third vein with minute hairs extending halfway or more to small 
cross vein; hind cross vein straight, perpendicular to and joining the 
fourth midway between bend and small cross vein. 
Length, 5.6 mm. Female unknown. 


Described from one male specimen taken at Puyallup, 
Washington, July 6, 19382, by W. M. Baker. 

No nearly related species is known to me. The absence 
of bristles on the abdomen and distinctive wing venation 
should make the genus readily recognizable. 


Paraphasmophaga pictipennis, new species 


Female—Entire head except eyes rufous; with a faint whitish 
bloom apparent on the cheeks, sides of face and front; the latter on 
narrowest part (vertex) 0.43 of the head width, widening gradually 
downward; median stripe broad to triangle, concolorous with para- 
frontals; ocellar triangle with a median blackish spot, bearing a pair 
of good-sized proclinate bristles; frontals about twelve in number 
descending to level with arista, upper two or three bristles reclinate, 
the others directed inward; inner and outer verticals developed; orbital 
bristles three, proclinate; parafrontals beset with irregularly spaced 
coarse bristles outside of the main frontal rows and a few small hairs 
on upper part near eye; antennae reaching to lower fifth of face, wholly 
red, third segment with the extreme base thickened slender beyond, 
ten to twelve times the length of second segment; arista red, bare, 
thickened and evenly tapering to tip, about two-thirds the length of 
third antennal segment, the second segment hardly longer than wide; 
face long with a rather narrow deep depression, its ridges almost parallel 
and beset with short bristles on the lower three-fourths; parafacial 
bare, about as wide as facial depression; cheek practically equal the 
eye height, sparsely clothed on lower margin with short black hairs; 
vibrissae rather small but distinct, situated on level with front edge 
of mouth; proboscis very short; palpi small, pale yellow; eyes bare, 
small, about one-half as broad as long; posterior surface of head flat, 
thinly clothed with only pale hairs. 

Thorax black tinged with red on the sides and outer anterior angles 
above; mesonotum dusted with gray pollen which has become discolored 
but the dark stripes apparently not very conspicuous in life; scutellum 
polished black, disk decidedly convex, bearing sparse reclinate hairs. 
Chaetotaxy: acrostichal 3, 3; dorsocentral 3, 3; humeral 2; posthumeral 
1; presutural 2; notopleural 2; intraalar 3; supraalar 3; postalar 2; 
pteropleural 1 (small); sternopleural 1, 1; hypopleural 3; scutellum 
with three marginals, one discal, besides one unpaired smaller apical 
bristle; postnotum beneath calypters and propleura bare; postscutellum 
shining black, pale membranous above; calypters opaque, white. 

Abdomen wholly black; segments two to four gray pollinose on basal 
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two-thirds the remainder of each shining black; first segment bearing a 
well developed pair of median marginal bristles; second with a discal 
and median marginal pair; third with a discal pair and a marginal row 
of about ten; fourth with a submarginal besides a discal row of about 
eight bristles; hairs on all segments depressed; genitalia retracted, 
evidently not fitted for piercing. 

Legs black, the two basal segments faintly reddish; middle tibia 
with one stout bristle on outer front side slightly beyond the middle; 
hind tibia bearing a row of not very closely spaced bristles on the 
outer posterior edge with two or three longer in the row; apical four 
segments of front tarsus rather wide and loosely united; hind tarsus 
fully as long as the tibia; claws of moderate length, pulvilli small. 

Wings with an unusual pattern; opaque white at base with spots 
of similar color as follows: one near apex oval in shape; one triangular 
behind the posterior cross vein, and one roundish in third posterior 
cell, both large but not reaching hind border; the remainder of the 
wing is dark brown or blackish except a small white spot in the discal 
and the first posterior cell; fourth vein with an angular bend, bearing 
a short stump; first posterior cell closed, the petiole about two-thirds 
the length of apical cross vein which is distinctly arcuate; hind cross 
vein retracted; last section of fifth vein exceeding one-half the length 
of preceding section; first vein bare, the third setulose beyond the 
small cross vein; epaulets blackish; costal spine small. 

Length, 7.5 mm. Male not known. 


Described from one female specimen taken at Castolon, 
Texas, November 8, 1929, by E. R. Tinkham. 

The species differs from clavis, the genotype, in having 
much smaller eyes, the head wholly red, vibrissae obviously 
larger than the bristles on facial ridges, and the wings with a 
definite color pattern. 


Pantagathus, new genus 


Similar to Myiopharus, but the facial ridges with strong bristles 
extending to the upper third, and the eyes thickly hairy. 

Front prominent and moderately wide to vertex in both sexes. 
Parafacials bare. Antennae inserted just below middle of eye, reaching 
the lower third or fourth of face, third segment two and one-half or 
three times the length of second; middle segment of arista short. Face 
receding, its ridges prominent and diverging downward. Vibrissae 
on level with mouth well above the lower edge of head. Cheeks one- 
fifth the eye height. Frontal bristles extending about to apex of second 
antennal segment; outer verticals not developed; orbitals absent in 
male; proclinate ocellar bristles present in both sexes but small in female. 
Proboscis short, fleshy; palpinormal. Thoracic chaetotaxy: acrostichal 
2, 3 (none immediately before suture); dorsocentral 3, 3; humeral 3; 
posthumeral 1; presutural 1; notopleural 2; intraalar 2; supraalar 3; 
postalar 2; hypopleural 5 or 6; pteropleural 1 (small); sternopleural 2, 
1; scutellum with two marginals besides a long apical pair; post- 
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scutellum normally developed, infrasquamal hairs absent; propleura 
bare. Abdomen bearing discals on segments two and three; genitalia 
in female laterally compressed with a blunt-tipped ovipositor retracted 
within the narrow or slit-like opening behind. Hind tibia not ciliate; 
fore tarsus in female distinctly longer than tibia; claws and pulvilli 
in male decidedly elongate, smaller in female which has the apical 
tarsal segment somewhat inflated. Wing venation ordinary; apical 
cell open well before the extreme wing tip; first vein bare; fourth with- 
out a stump at bend; costal spine small. 


Type of genus—Pantagathus alogus, new species. 


Pantagathus alogus, new species 


Female—Front 0.277 of the head width (four measured as follows: 
0.27; 0.27; 0.29; 0.28), the sides gray pollinose to vertex, bearing only a 
few scattered short hairs; median stripe dark brown, occupying about 
one-third the frontal width; inner verticals suberect, moderately stout 
but not very long; orbitals two pairs, proclinate; ocellar bristles small 
but distinct; frontals in a single row diverging toward eye beneath 
base of antennae, uppermost bristle turned outward and not longer 
than the preceding decussate pair; face wholly gray pollinose, the 
sides narrowed downward; antennae about two-thirds the length of 
face, basal segments obscurely reddish, third wholly black, rather slender 
with tip evenly rounded; arista long and slender, thickened on about 
the basal sixth, finely pubescent; cheeks gray pollinose, bearing a few 
coarse hairs on the lower edge; proboscis short, labella large and fleshy; 
palpi yellow, beset with numerous black hairs on apical half; back of 
head gray pollinose and wholly pale-haired. 

Thorax black, dusted with gray pollen which is interrupted by four 
dark stripes on the subshining mesonotum; scutellum wholly black, 
gray pollinose, disk bearing erect hairs which are coarser behind the 
middle; calypters opaque, white tinged with yellow along the margins. 

Abdomen black and subshining, moderately slender the apex 
truncate in dorsal view, last three segments with rather thin gray 
pollen which extends nearly to the hind margins in most angles, basal 
segments each with two pairs of median marginal bristles, of which 
the inner on the first and the outer pair on the second segment are 
considerably smaller in size; segments two and three bearing a single 
good-sized discal pair, besides a marginal row of about eight stronger 
bristles on third; anal segment with an arcuate row of discals situated 
well behind the middle, the marginal bristles noticeably smaller. 

Legs black the tibiae obscurely reddish, middle pair with one large 
and one smaller bristle on outer front side, the posterior pair bearing 
a row of rather widely spaced uneven bristles on the outer hind edge; 
claws and pulvilli hardly as long as the apical tarsal segment. 

Wings gray hyaline; fourth vein with a broadly rounded bend, 
thence slightly concave approaching the costa at a decidedly oblique 
angle; third vein bearing one small hair near base; hind cross vein 
oblique to fourth which it joins about one-third the distance from 
bend to small cross vein; epaulets black. 
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Male—Front at vertex 0.26 of the head width (five measured as 
follows: 0.25; 0.27; 0.27; 0.26; 0.25), the sides clothed with erect fine 
hairs outside the frontal rows; ocellars normal in size; third antennal 
segment about three times longer than second; abdomen broad at 
base tapering toward apex; genital segments blackish and retracted; 
inner forceps united and sharply keeled behind, tapering to an acute 
slightly bowed tip; outer forceps as long as inner ones, yellow, almost 
uniform in width on entire length the tips blunt or evenly rounded; 
penis simple, slender to tip; fifth sternite black, narrowly but deeply 
divided, the lobes sparsely haired along the inner margin; claws and 
pulvilli almost equal the combined length of last two tarsal segments. 

Length, 7.5 to 8.5 mm. 


Described from nine specimens. One male, Mt. Pleasant, 
Iowa, June 10, 1930 (Simpson); one female (holotype), Ames, 
Iowa, June 29, 1924 without collector’s label. One female, 
Amherst, Ohio, June, 1934 (A. J. Barckert). Six specimens 
from South Dakota all taken in 1924 as follows: two males 
and one female, Elk Point, June 18 and 19, (H); two males, 
Winner, July 3, (H); and one female Springfield, June 28, 
(H). Holotype deposited in the U. S. National Museum. 


Anetia procincta, new species 


Femaie—Front at vertex 0.236 of the head width (three measured 
0.23, 0.24, and 0.24); frontal stripe dark brown, narrow on entire length; 
parafrontals comparatively broad, with dense yellowish gray pollen, 
bearing scattered fine short brownish and black hairs; inner verticals 
curving backward, the outer ones not developed; orbitals two pairs, 
proclinate; frontals in a single row, three uppermost reclinate, the 
lowest one about on level with arista; ocellar bristles vestigial or absent; 
face moderately receding, with a large triangular depression, the 
ridges bearing bristly hairs on lowest fourth or less; parafacials bare, 
densely gray pollinose, narrowed downward; vibrissae situated on 
level with front edge of mouth; antennae about as long as face, black 
tinged with red basally, third segment wider than parafacial on narrow- 
est part and about three times the length of second; arista brownish, 
practically bare, thickened on proximal fourth and slender beyond, 
second segment short; cheeks gray pollinose, clothed with black hairs, 
about one-fifth the eye height; palpi yellow; proboscis short, labella 
large and fleshy; beard white, rather short but dense; eyes sparsely 
short-haired. 

Thorax black, gray pollinose; mesonotum with the usual four 
black stripes, the inner two narrow and the outer ones interrupted at 
the suture; scutellum black, dusted with gray pollen, the disk bearing 
numerous coarse black hairs. Chaetotaxy: acrostichal 3, 3; dorso- 
central 3, 3; intraalar 3; supraalar 3; postalar 2; notopleural 2; pre- 
sutural 2; posthumeral 3; humeral 4; hypopleural 6-8; pteropleural 1 
(not very large); sternopleural 2, 1; scutellum with three large mar- 
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ginals, one discal and a small decussate apical pair; postscutellum 
normally developed, pale membranous above; infrasquamal hairs 
present; calypters opaque, white. 

Abdomen black, with a ventral carina which bears short blunt 
spines along the lower edge; segments two to four with changeable 
gray pollen on basal half to three-fourths, the hind margins shining 
black in certain views; basal segments each with a pair of median 
marginal bristles besides discals on the second; third also with a pair 
of discals and a marginal row of about eight; fourth with a discal pair 
at the middle above and additional ones at the sides, the marginal 
bristles rather closely spaced and stronger; genitalia with a strong 
piercer. 

Legs black; middle tibia with one stout bristle on the outer front 
side near middle; hind tibia with a row of uneven bristles on the outer 
posterior edge, one near middle considerably stronger; claws and 
pulvilli shorter than the apical tarsal segment. 

Wings grayish hyaline; veins yellow, bare except third which bears 
two to four setules at base; bend of fourth vein rounded, without a 
stump or fold; apical cross vein slightly concave, approaching the 
costa in a diagonal direction and narrowing the first posterior cell 
which is open considerably before the extreme wing tip; hind cross 
vein joining the fourth about two-fifths the distance from bend to small 
cross vein; costal spine small. 

Male—Front at vertex 0.22 of the head width (one specimen), 
hardly widening to middle thence rapidly so to base of antennae; 
ocellars and orbitals absent; antennae wholly black, third segment 
rather broad; abdomen narrower and with the discal bristles more 
strongly developed than in the female, hairs along the median line of 
intermediate segments and on the entire upper surface of the fourth 
erect; genitalia small, retracted; inner forceps black, rather short, 
divided on apical half but not divergent, tips blunt, in profile concave 
on the posterior side and bearing a few short hairs at the base; outer 
forceps yellow, about as long as inner pair, tapering outward to evenly 
rounded tips, bare; legs rather slender, the claws and pulvilli elongated. 

Length, 7 to 9 mm. 


Three females (including holotype) and one male (allotype) 
collected at College Station, October 13, 1919, (H. J. Reinhard). 
Type deposited in the U. S. National Museum. 

The species differs from most of the related forms, which 
have been referred to Lydella by recent authors, in having the 
ocellars hairlike or entirely absent, and the eyes sparsely 
haired. 


Torosomyia, new genus 


Similar to Chaetogaedia, but with the proboscis about equal the 
height of head, facial depression narrow with parallel ridges, and the 
abdomen without discals. 

Male only. Head large, in side view projecting far in front of the 
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eyes, antennal axis about one-fourth longer than the vibrissal. Face 
receding, the depression narrow and deep with almost parallel ridges 
which bear rather short even and closely spaced bristles on the lower 
three-fourths. Antennae inserted above middle of eye, third segment 
unusually long, the basal ones short. Arista of moderate length, 
the second segment widened outward from the base and about four 
times longer than its greatest width. Sides of face wider than the 
depression, bearing scattered short hairs on the entire length. Eyes 
bare. Vibrissae just above the oral margin, the epistoma slightly 
protuberant. Cheek about one-third the eye height. Proboscis rather 
slender and nearly equal the height of head; palpi well developed. 
Thoracic chaetotaxy: acrostichal 3, 3; dorsocentral 3, 4; humeral 4; 
posthumeral 3; notopleural 2; presutural 2; supraalar 3; intraalar 3; 
pteropleural 1; sternopleural 2, 2; hypopleural 6-8; scutellum with 
three large marginals besides a smaller decussate apical and a discal 
pair. Propleura bare. Postscutellum normally developed, sides of 
postnotum beneath calypters bare. Abdomen broad and thick, with- 
out discals on segments two and three. Hind tibia ciliate on outer 
posterior edge with one stronger bristle near the middle. Wings 
with normal venation; first vein bare; apical cell open far before the 
wing tip. 


Type of genus—Torosomyia parallela, new species. 


Torosomyia parallela, new species 


Male—Front wide, at vertex 0.43 and 0.44 of the head width in 
the two specimens, widening gradually to base of antennae; para- 
frontals covered with dull grayish pollen; median stripe reddish brown, 
cleft at triangle and extending to vertex on either side; inner verticals 
large, directed backward, the outer ones about two-thirds as long, 
diverging posteriorly; frontal bristles about ten in the main rows 
which diverge sharply toward the eyes below base of antennae, with 
the lowermost slightly below base of third segment, an irregular 
secondary row of about six bristles outside the main row on the middle 
of front; antennae extending to vibrissae, basal segments reddish, 
third black, straight on anterior margin with the tips evenly rounded, 
ten to twelve times the length of second; arista black, clothed with 
fine short pubescence, shorter than third antennal segment and thickened 
on proximal two-thirds; parafacials with dense subshining whitish 
pollen, bearing scattered fine short black hairs over the entire surface; 
cheeks black-haired, gray pollinose; apical segment of proboscis shining 
brownish black, labella not very large; palpi yellow, rather slender to 
apex, distinctly bowed upward beyond middle and beset with a few 
short black hairs; back of head clothed with dense grayish white hairs. 

Thorax black, gray pollinose; dorsum:marked with four heavy 
black stripes before the suture and five behind; scutellum with rather 
dense changeable gray pollen, apex broadly reddish, disk bearing 
numerous erect bristly hairs; postscutellum gray pollinose; calypters 
opaque, white. 

Abdomen black, wholly gray pollinose with reflecting blackish 
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spots apparent in certain angles on the intermediate segments, the 
hairs rather coarse and suberect along the median line; first and second 
segments each with a strong pair of median marginal bristles; third 
bearing a marginal row of about ten; fourth with a discal and a sub- 
marginal row; genital segments black; inner forceps united, rather long 
and narrow, gradually tapering to a blunt slightly bowed tip, with a 
rounded median carina on basal two-thirds behind and sulcate beyond, 
bearing black posteriorly directed hairs which are thicker near the 
base; outer forceps black, about two-thirds the length of inner pair, 
rather narrow, convex on the outer surface except before the blunt 
tip where there is a small oval-shaped concavity; fifth sternite black, 
large and deeply divided, the lobes bare, thinly dusted with gray 
pollen; penis strongly bowed near middle, apical segment enlarged, 
vase-shaped with the palish membrane on the posterior extremity 
considerably produced. 

Legs black, tibiae obscurely reddish; claws and pulvilli moderately 
elongated; middle tibia with two large and two smaller bristles on the 
outer front side. 

Wings normal in shape; veins yellow, bare except the third which 
bears two small bristles near base; fourth vein with a rounded stumpless 
bend, thence almost straight approaching the costa at an oblique 
angle; hind cross vein oblique to the fourth which it joins nearer the 
bend than small cross vein; costal spine inconspicuous. 

Length, 11 mm. Female not known. 


Two specimens received from David G. Hall, taken at 
Medora, Kansas, sand dunes, September 22, no collector’s 
label. Holotype, male, deposited in the U. S. National 
Museum. 


Cistogaster atrota, new species 

Female—Antennae wholly jet black, second segment fully as long 
as third; arista also black, greatly thickened on basal third, the enlarged 
part beset with longish hairs except on upper edge, rather striking; 
parafrontals shining black near vertex, with grayish pollen below which 
extends downward on face, cheeks, and posterior orbits; palpi black. 
Thorax black, pleura and humeri gray pollinose; mesonotum polished 
or shining, showing thin grayish pollen behind suture only in a flat 
rear view, but no vittae visible. Abdomen largely shining black; 
second segment with thin gray pollen on narrow basal margin, third 
and fourth more densely pollinose on broad outer anterior margins, 
with a narrow median pollen stripe extending from apical segment to 
base of second. Legs glistening black. Wings with a uniform brownish 
tinge; petiole of first posterior cell slightly longer than small cross 
vein, reaching costa shortly before wing tip. Otherwise as in C. 
immaculata. 

Length, 5 mm. Male unknown. 


One specimen, Amherst, Ohio, June, 1934 (A. J. Barckert). 
The thickened haired arista and black palpi readily dis- 
tinguish the species from other members of the genus. 





PROCEEDINGS OF THE TWENTY-NINTH 
ANNUAL MEETING 


Pittsburgh, Pennsylvania, December 27th to 29th, 1934 


The Entomological Society of America held its Twenty-ninth Annual 
Meeting on Thursday, Friday, and Saturday forenoon. The Saturday 
meeting was a joint session with The Ecological Society of America. 
The program which is printed below proved to be an exceptionally 
interesting one. The symposium, to which most of a day was devoted, 
drew an unusual attendance and was both interesting and profitable 
throughout. 

The Annual Public Address was given by Doctor Clarence H. 
Kennedy, of Ohio State University, Columbus, Ohio. His subject was, 
“The Family and the Society.”” Leading his audience through bits of 
logic and philosophy, he discussed the social relations of various animal 
groups. Taking for his purpose the thesis that the family relation is 
represented by the flow of energy from parent to offspring, he compared 
man and the insect in this regard to the advantage of certain of our 
hexapod friends. The address was a clear and scholarly presentation 
of an interesting subject and at its conclusion there were many mere 
fragments of families discussing it. 


Opening Session, Thursday Morning, December 27 


The Society was called to order at 9:30 A. M. by PREsIDENT C. L- 
METCALF, in the Blue Room, seventeenth floor, William Penn Hotel. 
The following papers were presented: 


1. Certain Problems Pertaining to the Wing Patterns of Butterflies and Moths. 
(Lantern.) A. AvinorF, Carnegie Museum, Pittsburgh, Pa. 

2. The Place of Mayflies among the Orders of Insects. JAMES G. NEEDHAM, 
Cornell University, Ithaca, N. Y. 

3. Distribution and Species of North American Progomphus (Odonata). C. 
Francis Byers, University of Florida, Gainesville, Florida. 

4. A Recent Visit to Okefenokee Swamp in Georgia. (Lantern.) R.H. BEAMER, 
University of Kansas, Lawrence, Kansas. 

5. The Rapid Spread of a European Staphylinid in North America. (By Title.) 
RacpH Voris, State Teachers’ College, Springfield, Mo. 

6. A Revision of the Genus Diplotoxa in North America (Diptera, Chloropidae). 
(By Title.) Curtis W. Sasprosky, Kansas State College, Manhattan, 


Kansas. 
7. Biological Studies on Lescherraultia exul Town., Parasitic on the American 
and the Forest Tent Caterpillars (Diptera, Tachinidae). (Lantern.) 


Henry A. BEss, Ohio State University, Columbus, Ohio. 

8. New Central American Agromyzidae. S. W. Frost, Arendtsville, Pa. 

9. Cacoecia rileyana Grote—An Unusual Occurrence. (Lantern.) J. S. Houser, 
Agricultural Experiment Station, Wooster, Ohio. 

10. Number of Instars of Field Collected Larvae of Heliothis obsoleta Fabr. with 
Discussion of Dyer’s Rule. (Lantern.) J.C. GAINEs AND F. L. CAMPBELL, 
U. S. Bureau of Entomology, Takoma Park, Maryland. 

11. The Sex Ratio of the Pale Western Cutworm. H. L. SEAMANs, Dominion 
Entomological Laboratory, Lethbridge, Alberta, Canada. 
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12. “China White’’ Disease of Pale Western Cutworm. H. ExLtis McMILLAN, 
Dominion Entomological Laboratory, Lethbridge, Alberta, Canada. 
13. Thyatiridae and Phylogeny Blackboard.) Witt1am T. M. Forses, 
Cornell University, Ithaca, N. Y. 
The following committees were appointed by PRESIDENT METCALF: 
Nominating Committee—Puitip P. CALVERT, Chairman; R. E. 
SNopGRASS, C. W. WoopWoRTH. 
Resolutions Committee—LEONARD HASEMAN, Chairman; N. E. 
McInpoo, CORNELIUS BETTEN. 
Auditing Committee—R. C. OSBURN, Chairman; H. O. DEay, P. B. 
LAWSON. 


Second Session, Thursday Afternoon, December 27 


fy 


The Society was called to order by PRESIDENT METCALF at 1:30 
P. M. and the following papers presented: 


14. Classification of Nuclear and Cell Reactions in Insect Galls. (Lantern.) 
K. D. Doak, University of Pennsylvania, Philadelphia, Pennsylvania. 

15. The Conversion and Oxydation of Food Stuffs during Metamorphosis of 
Phormia regina Meig. (Diptera, Calliphoridae). (Lantern.) J. G. Haus 
AND F. A. Hitcucock, Ohio State University, Columbus, Ohio. 

16. Size of Adults and Rate of Growth of Larvae as Affected by Rearing Larvae 
at Different Constant Temperatures and Humidities. H. MENUSAN, JR., 
Cornell University, Ithaca, N. Y. 

17. Some Physiological Effects of Certain Thiocyanates upon the Isolated Heart 
of the Roach, Blatta germanica. (Lantern.) J. FRANKLIN YEAGER, ANNA 
HAGER AND J. M. StRALEY, Iowa State College, Ames, Iowa. 

18. On the Hemolymph Cell Counts of Insects. II: Neuroptera, Coleoptera, 
Lepidoptera and Hymenoptera. (Lantern.) Oscar E. TAUBER AND J. F. 
YEAGER, Iowa State College, Ames, Iowa. 

19. On the Reducing Power of Hemolymph from the Roach, P. americana, with 
Special Reference to Coagulation. (Blackboard.) J. F. YEAGER AND 
R. W. Fay, Iowa State College, Ames, Iowa. 

20. The Effect of Various Food Factors on the Life Cycle of the Webbing Clothes 
Moth, Tineola biselliella Hum. (Lantern.) Miss M. F. CROWELL, intro- 
duced by E. F. Phillips, Cornell University, Ithaca, N. Y. 

21. Aberrant Feeding Behavior among Phytophagous Insects and its Bearing 
on the Development of Predatism. C. T. Brues, Harvard University, 
Cambridge, Mass. 

22. External Morphology of the Homopterous Head. (Lantern.) Z.P. METCALF, 
State College Station, Raleigh, N. C. 

23. The Feeding Mechanism of Sucking Insects. (Lantern.) R. E. SNopGRass, 
U. S. Bureau of Entomology, Washington, D. C. 


PRESIDENT METCALF appointed the following to act as alternates 
for absent members of the Executive Committee, which met immediately 
following the afternoon session: R. E. SNopGRAss, WILLIAM D. 
FUNKHOUSER, C. T. BRuEs, P. P. CALVERT, C. J. DRAKE. 


Third Session, Friday Morning, December 28 


The Society was called to order by PRESIDENT METCALF. The 
following Symposium was presented: 


*‘ IMPROVED TECHNIQUE IN THE STUDY OF INSECTS”’ 


I. Collecting. 
Equipment and Field Methods. R. H. BEAMER, University of Kansas, 
Lawrence, Kansas. 
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II. Museum Technique. 
a. Entomological Displays for Museums. A. Avinorr, Carnegie Museum, 
Pittsburgh, Pennsylvania. 
b. Special Insect Mounts for Exhibit and Demonstration Use. HERBERT 
OsBorn, Ohio State University, Columbus, Ohio. 
III. Taxonomic Studies. 
Modern Methods of Insect Taxonomy. T. H. Frison, Illinois Natural 
History Survey, Urbana, Illinois. 
IV. Rearing. 
a. Subterranean Insects. HArry R. Bryson, Kansas State College, 
Manhattan, Kansas. 
V. Technique in the Study of Insect Bourne Diseases. 
F. C. BisHorp, U. S. Bureau of Entomology, Washington, D. C. 


Fourth Session, Friday Afternoon, December 28 


Following the call to order at 1:30 P. M. by PRESIDENT METCALF, 
the Symposium was continued: 
VI. Ecological Studies, etc. 
Methods in Insect Ecology with Methods of Determining Insect Popula- 
tions. V.E. SHELFORD, University of Illinois, Champaign, Illinois. 
VII. Behavior Studies. 
Methods and Equipment. N.E.McInpoo, U. S. Bureau of Entomology, 
Washington, D. C. 
VIII. Physiological Studies. 
Methods and Equipment. J. F. YEAGER, Iowa State College, Ames, 
Iowa. 
IX. Toxicological Studies. 
Methods and Equipment. C. H. RicHARDson, Iowa State College, 
Ames, Iowa. 
X. Morphological Studies. 
Open Forum—Technique and Devices. 
24. The Place of Insect Collections in Entomological Research. HERBERT 
OsBorN, Ohio State University, Columbus, Ohio. 
25. The Wing Venation and Ancestry of the Hymenoptera. (Lantern.) HERBERT 
H. Ross, State Natural History Survey, Urbana, Illinois. 


The above meetings were attended by about 250. The Annual 
Business Meeting followed at this point in the program as will be 
reported at the close of the Sixth Session. 


Fifth Session, Friday Evening, December 28 


The Society was called to order by PRESIDENT METCALF at 8:00 
P.M. The president then introduced Doctor CLARENCE H. KENNEDY, 
who gave the Annual Public Address, which was entitled, ‘‘The Family 
and the Society.” 


Sixth Session, Saturday Morning, December 29 
(Joint Meeting with the Ecological Society of America) 


This joint meeting was called to order by PRESIDENT METCALF and 
the following papers were presented: 


26. The Growth of Populations of Tribolium confusum Duval as Affected by Some 
Inorganic Salts. RaLpeH J. BUSHNELL, Monroe, Mich. 

27. Food Requirements for Pupation of Certain Coleopterous Larvae. NELLIE 
M. Payne, University of Minnesota, St. Paul, Minn. 

28. The Effect of Nutritional Factors upon the Development of the Cockroach, 
Blatta germanica L. (Lantern.) R. M. MELampy, Cornell University, 
Ithaca, N. Y. 
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29. Are Bots (Gastrophilus spp.) of the Horse Beneficial Insects? Ecological 
Antagonism of Bots toward Associated Worm Parasites. (Lantern.) 
RoBert D. GLasGow, New York State Museum, Albany, N. Y. 

30. The Symbionts of Pseudococcus brevipes Cockerell. (Lantern.) WALTER 
CARTER, Experiment Station, A. H.+P. C., Honolulu, T. H. 

31. Ecological Factors Involved in the Distribution of More Important Species 
of Empoasca. (Lantern.) D. M. DeELonc, Ohio State University, 
Columbus, Ohio. 

32. Climatic Zones in Central America and Mexico with Particular Reference 
to Insects. F. Martin Brown, Fountain Valley School, Colorado Springs, 
Colorado. 

33. Termitophile Distribution and Quantitative Characters as Indicators of 
Physiological Speciation in British Guiana Termites (Isoptera). (Lantern.) 
ALFRED E. EMErsOoN, University of Chicago, Chicago, Illinois. 

34. Mississippi Ant Populations. Gorpon W. HauG, Ohio State University, 
Columbus, Ohio. 

35. The White Grub Menace to Forest Plantations. (Lantern.) A. A. GRANOV- 
sky, University of Minnesota, St. Paul, Minnesota. 

36. Studies in Nocturnal Ecology III. Recording Apparatus and Further 
Analysis of Activity Rhythm. (Lantern.) ORLANDO Park, Northwestern 
University, Evanston, Illinois. 

37. Studies in Nocturnal Ecology IV. The Activity of the Mycetocolous Beetle, 
Megalodacne heros. (Lantern.) ORLANDO PARK AND Otto SEjBA, North- 
western University, Evanston, Illinois. 


The following is a report of the Annual Business Meeting which 
was held Friday afternoon, December 28: 


REPORT OF THE SECRETARY 

During the year 1934, the following having been duly nominated and recom- 

mended, were elected members of the Society by mail ballot of the Executive 

Committee: 

ELMER W. BEck, 1920 Parkwood Ave., Toledo, Ohio. 

Lioyp W. BRANNON, P. O. Box 881, Norfolk, Va. 

WILLIAM CLARKE-MACINTYRE, Napo, Rio Napo, Oriente, Ecuador, S. A. 

DEREK HAROLD Cross, 129 Fifty-sixth St., Niagara Falls, N. Y. 

Dona_p G. DENNING, Dept. of Ent., Univ. Farm Campus, St. Paul, Minn. 

C. C. DEONIER, Science Bldg., Iowa State College, Ames, Iowa. 

CiirFoRD L. Dickinson, Care Stover Mfg. & Engine Co., Freeport, III. 

L. O. ELttsor, Science Bldg., Iowa State College, Ames, Iowa. 

Justus C. FRANKENFELD, Box 187, Las Vegas, N. M. 

MELVIN E. GrirFiITH, 927 La. St., Lawrence, Kansas. 

ELIZABETH M. HeEtss, Dept. of Ent., Univ. of Illinois, Urbana, Il. 

Joun Davin Hitcucock, University Farm, St. Paul, Minn. 

PRISCILLA B. Hussey, Louisiana State Normal College, Box 1237, Normal Station, 
Natchitoches, La. 

J. FRANKLIN KaGy, Science Bldg., Iowa State College, Ames, Iowa. 

CLypeE W. Kearns, Dept. of Ent., University of Illinois, Urbana, III. 

Joser N. Knut, 94 E. Oakland Ave., Columbus, Ohio. 

KarRL VON VoRSE KROMBEIN, Dept. of Ent., Cornell University, Ithaca, N. Y. 

Davip L. LINDGREN, University of Minnesota, St. Paul, Minn. 

Cui-y1nG Liv, Dept. of Ent., College of Agric., Chekiang University, Hangchow, 
China. 

Horace O. Lunp, 3501 Tenth Ave. South, Minneapolis, Minn. 

Rutu A. MADDEN, Science Bldg., Iowa State College, Ames, Iowa. 

Luis F. MARTORELL, Park St. No. 9, Stop 41, Santurce, Puerto Rico. 

AsA CHANDLER Maxson, Longmont, Colorado. 

HuGu Etiis McMixan, Dept. of Ent., Univ. of California, Berkeley, Calif. 

MartTINus J. OosTHUIZEN, Division of Ent., University Farm, St. Paul, Minn. 

HERBERT L. PARTEN, Division of Ent., University Farm, St. Paul, Minn. 

ALFRED TAYLOR, 221 N. Seventeenth St., Corvallis, Oregon. 

LAWRENCE G. Strom, 604 A. South 28th St., Milwaukee, Wis. 

WALTER SIEGFRIED WORMSER, 1111 West Stoughton Ave., Urbana, III. 
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With the approval of the Executive Committee, Clarence H. Kennedy was 
invited to give the Annual Public Address of the Society at the Pittsburgh 
meeting. 

Doctor A. Avinoff kindly consented to act as Chairman of the Arrangements 
Committee for the Pittsburgh meeting. 

The Executive Committee met at 4:30 P. M., December 27, in William Penn 
Hotel, Pittsburgh, Pennsylvania, the following officers being present: C. L. 
Metcatr, H. B. HUNGERFORD. Other members of the committee present were 
F. C. BisHope and R. C. Smitn. The following alternates, designated by the 
President served in place of absent members of the committee: R. E. SNODGRAss, 
WittiaM D. Funkuouser, C. T. Bruges, P. P. CALvert, C. J. DRAKE. 

The Executive Committee elected the following eleven Fellows from a list of 
forty-nine nominations sent in by mail: 


R. H. BEAMER G. F. Ferris Z. P. METCALF 

J. C. BEQUAERT S. B. FRACKER C. F. W. MUESEBECK 
F. L. CAMPBELL DwiGut ISELY R. C. SHANNON 

C. H. CuRRAN N. E. McInpoo 


The following were elected to membership in the Society: 

SunG Hin Au, Experiment Station, P. P. C. A., University of Hawaii, Honolulu, 
Hawaii. 

Henry A. Bess, Dept. Zool. & Ent., Ohio State University, Columbus, Ohio. 

RICHARD E. BLACKWELDER, 208 Massachusetts Ave. N. E., Washington, D. C. 

WILEY WILLIAM CRAWFORD, Care Blackburn College, Carlinville, Ill. 

RICHARD WILLIAM Fay, 3304 West St., Ames, Iowa. 

May Katuryn GyGER, Dept. of Ent., Cornell University, Ithaca, N. Y. 

EsTtHER C. HENDEE, Dept. of Zool., University, of California, Berkeley, Calif. 

WiiuiaM R. HorsFA.t, Monticello, Arkansas. 

W. M. Hoskins, 112 Agric. Hall, Univ. of California, Berkeley, Calif. 

Epwarp E. Ivy, Division of Ent., University of Minnesota, St. Paul, Minn. 

KIMBER C. KustTER, 1307 Forest Ave., Ann Arbor, Mich. 

NorMA LEVEQUE, University of Colorado, Boulder, Colo. 

Puitip LEVEREAULT, 314 Snow Hall, University of Kansas, Lawrence, Kansas. 

FATHER H. E. MattinGciy, St. Charles College, P. O. Box 303, Columbus, Ohio. 

K. E. MAXwELL, Dept. of Ent., Cornell University, Ithaca, N. Y. 

JosePH B. Moore, Dept. of Ent., Cornell University, Ithaca, N. Y. 

FLoyp REESE NEvin, Dept. of Ent. Cornell University, Ithaca, N. Y. 

Hat B. Parks, 214 S. Austin, Ranger, Texas. 

LAVERNE LERoy PECHUMAN, 55 Maple St., Lockport, N. Y. 

R. L. Post, Dept. of Ent., Ward’s Nat. Science Est., Rochester, N. Y. 

Pau LAVERNE Rice, Dept. of Zool. and Ent., Columbus, Ohio. 

JoHN ALLEN Rowe, 609 East 4th North, Logan, Utah. 

Tuomas J. ScHMItTT, JR., 925 E. Howard St., Pasadena, Calif. 

SANFORD E. SHIELDS, 408 Tazewell Pike, Knoxville, Tenn. 

OwEN J. Situ, 486 T. Hall, Durham, N. H. 

Horace S. TELForRD, Univ. of Minnesota, Division of Ent., St. Paul, Minn. 

PETER CLARE TING, State Agric. Bldg., San Francisco, Calif. 

NATHANIEL TISCHLER, Dept. of Ent., Rutgers University, New Brunswick, N. J. 

ALBERT W. TRIPPEL, 221 West Sixth St., Mishawaka, Ind. 

JosepH E. Wess, Box 217, Florence, S. C. 

NEAL ALBERT WEBER, College Hostel, Imperial College of Tropical Agric., St. 
Augustine, Trinidad, B. W. I. 

D. Ot1ts WOLFENBARGER, Dutch Elm Disease Office, County Office Bldg., White 
Plains, N. Y: 
The following former members were reinstated by vote of the Executive 

Committee: 

C. F. Apams, State Board of Health, Jefferson City, Mo. 

ARLO M. VANcE, 1920 Parkwood Ave., Toledo, Ohio. 


Total number of new members for 1934 is 63. 


The following have resigned during the year: GEorGE F. ARNOLD, O. W. 
BrRANpDHOoRsT, J. W. BULGER, RAyMonpD E. DouGLas, LAWRENCE H. Dunn, L. J. 
FarMER, N. W. Hatrie_p, T. E. Hottoway, C. E. Hoop, CHartes T. HOWARD, 
S. F. Licut, W. W. Lone, Eart Lott, R. W. Nasu, A. A. NicHot, J. H. O’DELL, 
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M. R. Situ, A. L. Quatntance, E. R. Trinkuam, P. R. NeepuaM, T. E. B. Pore, 
H. T. VANDERFORD, R. R. WHITTEN. 

The following were elected to the Editorial Board for the term expiring 
December 31, 1937: C. R. Crossy, S. A. RoHWER, JAMES M. SWAINE. 

The Executive Committee voted $50.00 toward the support of Biological 
Abstracts for 1935. 

The Executive Committee voted a sum not to exceed $50.00 toward the 
expense of a Joint Committee on Research in the Bureau if such a committee be 
approved by the Society. 

The Executive Committee adjourned at 6:00 P. M. 

The Society has suffered the loss by death of the following eight members 
during the past year: 

JOHN MERTON ALDRICH, a charter member of our Society and a Fellow since 
1907, died May 27, 1934. Doctor Aldrich was a staunch and faithful member of 
The Entomological Society of America. For five years he was secretary-treasurer 
(1916-20) and in 1921 served as president. 

Doctor Aldrich was born January 28, 1866, in Little Valley, Minnesota. He 
attended several colleges, receiving the following degrees: from South Dakota 
State College, B. S., 1888, M. S., 1891; from the University of Kansas, M. S., 1893; 
from Stanford University, Ph. D., 1906. Until 1913 he taught first at South 
Dakota College and then at University of Idaho. In 1913 he joined the staff of 
the Federal Bureau of Entomology and in 1919 was appointed associate curator in 
charge of the Division of Insects at the United States National Museum. 

Doctor Aldrich was a most enthusiastic student of the Diptera, and it was a 
delight to listen to him relate his discoveries which he did with a most refreshing 
animation. His abiding interest in the Diptera made his most arduous studies a 
source of pleasure to him. During his lifetime he published many papers. His 
Catalog of North American Diptera and his North American Sarcophagidae are 
monuments to his faithful industry, and entomology must mourn the loss of a 
most productive scholar. 

WILLIAM BEUTENMULLER, another charter member of our Society and a Fellow 
since 1908, died February 24, 1934. He was born at Hoboken, New Jersey, March 
31, 1864, and was educated in the public and private schools in New York City. 

From 1888 to 1912 he was curator of insects in the American Museum of Natural 
History. He edited the first eleven volumes of the Journal of the New York 
Entomological Society and served as president of that Society in 1900. 

Mr. Beutenmuller wrote concerning Orthoptera, Coleoptera, Lepidoptera, 
and gall insects. 

Eric HEARLE, who joined our Society in 1927 and was elected a Fellow in 1932, 
died April 17, 1934. Mr. Hearle was born in India, July 21, 1893. After receiving 
his preparatory training in England, he attended Bristol University for a year and 
then came to Canada where he entered the Ontario Agricultural College at Guelph. 
In 1914 he left his studies to go overseas with the 4th Battalion. Severely wounded 
and with his health undermined by the hardships of war he returned to Canada 
in 1916 to resume his college work. Graduating in 1917 with the degree of Bachelor 
of Science in Agriculture, he joined the college staff for a time. In 1919 he began 
a study of mosquitoes of British Columbia and in 1920 became assistant ento- 
mologist in the Federal Service with headquarters at Mission, B. C. In the 
years that followed he was engaged in livestock insect investigations and at the 
time of his death was preparing to investigate the role of ticks in the transmission 
of relapsing fever. (See also Canadian Ent. LXVI, pp. 169-171.) 

MILLARD CARR VAN DvZEE, who was born February 20, 1860, and died April 21, 
1934, joined our Society in 1917. 

His father, a naturalist of the old school, not only made extensive collections 
himself, but imbued his sons with the love of nature. Millard C. and his brother, 
E. P. Van Duzee, spent much of their boyhood collecting insects to improve a 
collection which they had in common, a hobby that ripened into productive 
scholarship in both men. Millard C. Van Duzee was a building contractor. 
While he was undoubtedly widely interested in insects, he began a serious sys- 
tematic study of the Diptera in 1908. His name will always be remembered in 
connection with the Dolichopodidae. He published 86 papers (1,383 pages) and 
described 9 new genera and 914 species, a splendid record for a man whose income 
was earned in activities outside the entomological field. A more complete report, 
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together with a bibliography of his work, has been published in The Pan-Pacific 
Entomologist, Vol. X, by his brother, E. P. Van Duzee. 

ROBERT EMERSON WALL was born at Neodesha, Kansas, January 20, 1903, and 
died July 29, 1933, in Eveleth, Minnesota. In 1924 he received the B. S. degree at 
the Colorado Agricultural College. From 1924 to 1926 he was at the University 
of Minnesota, where he received the M. S. degree. From 1926 to 1928 he was 
instructor at Lingnan University, Canton, China. In 1928 he returned to the 
University of Minnesota and received his Ph. D. degree in 1930. From that time 
until his death he was assistant entomologist at the Montana Agricultural Experi- 
ment Station. He joined The Entomological Society of America in 1929. 

RoBERT HENRY WOLCOTT, a member of our Society since 1908, passed away 
January 23, 1934, in the midst of his fortieth year of teaching at the University of 
Nebraska. He was born October 11, 1868, at Alton, Illinois; received the following 
degrees from the University of Michigan: B. L., 1890, B. S., 1892, and M. D., 1893; 
from the University of Nebraska: M. A., 1895. During his long connection with 
the University of Nebraska he served as head professor of Zoology since 1909, 
acting dean of the College of Medicine, 1909-13, and dean from 1913-15. While 
widely interested in birds and insects, he will be best remembered by his work on 
the Hydrachnid mites. 

I have been unable to secure any information concerning C. W. WURSTER or 
FRED WALKER, both of whom were lost to the Society through death in the past 
year or two. 

Following the reading of these brief memorials, the members stood in silence 
in memory of those who have died during the past year. 

Respectfully submitted, 
H. B. HUNGERFORD, Secretary. 


REPORT OF THE TREASURER 
CURRENT FuNpDsS 


RECEIPTS 
Balance in Bank, December 31, 1933. (See Annals X XVII, p. 124) $1,535.96 
From Annual Dues of Members to December 22, 1934 ; ... 2,516.84 
Received from C. H. Kennedy, Managing Editor Annals .. 600.00 
Interest on Savings Account for 1934 on Ps 42.16 
Interest on Liberty Bonds ; -_ 13.92 
Received from J. J. Davis on Thomas Say Foundation Loan . 200.00 
U. S. Liberty Bond H05321828 called in..... _ er .. 100.00 


$5,008 .85 
EXPENDITURES 
Stamps and Stamped Envelopes for Secretary-Treasurer and President...$ 84.41 


Printing Envelopes, Letterheads, Post Cards, Announcements, Programs 79.40 
Spahr & Glenn Co., Printing of Annals and Separates for September and 
December, 1933, March, June, and September Annals, 1934 . 3,166.01 
Reimbursements on Returned Checks se cer 3.25 
C. T. Brues, Contribution toward Biologists’ Smoker 10.00 


Reimbursement to R. E. Snodgrass, President, 1933, for lettering and 
illuminating ‘‘Greetings’’ to Entomological Society of London, 


Centenary Celebration in May, 1933 ; 20 .00 
Charles A. Clark, Refund on $8.00 check for two years’ dues : 2.00 
A. L. Quaintance, Refund on $6.00 check in payment of 1934 dues 3.00 
Bank Service Charge and Exchange Charge on Checks 7.24 
A. I. Bourne, half expense ‘‘Special Commission”’ 25.94 


Transferred Interest on Savings Account and Liberty Bonds, Liberty 
Bond Called In, Thomas Say Foundation Payment to Permanent Fund 356.05 


J. C. Moore Corp., Ledger and Index 2.90 
Clerical Services 25.00 
Federal Tax on Checks at .02 each . 44 

Total $3,785 .64 
Balance in Bank 1,223 .21 





$5,008 .85 
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LIABILITIES 


The Society owes the publishers for the December, 1934, Annals. Of the 
above cash receipts for dues, $1,037.50 is for 1935 dues. 


PERMANENT FUND 

Liberty Bonds , $ 250.00 
In Savings Account of Peoples State Bank, Lawrence, Kansas .. 3,026.34 
$3,276 .34 

RESOURCES 

Liberty Bonds $ 250.00 
Savings Account 3,026 .34 
Balance in Checking Account ‘ 1,223 .21 


w 


$4,499 55 


In addition to the above, the Thomas Say Foundation is in debt to the Society 
to the extent of $300.00. 


Respectfully submitted, 


H. B. HUNGERFORD, Treasurer. 


On motion the Treasurer’s Report was accepted, subject to the 
approval of the Auditing Committee. 


REPORT OF THE MANAGING EDITOR OF THE ANNALS 


I wish to report that 637 pages of matter have been published in Volume 27 
for 1934, as against 676 pages in the volume for 1933. Apparently the present 
level of finances of the Society will warrant volumes of this size. A considerable 
number of back unpaid subscriptions have been paid up and several new sub- 
scriptions have been added. Our sale of back numbers and volumes has increased 
slightly. All are indications of better times. 

One major accomplishment has been the summary of Editorial policies pub- 
lished in the September issue. I wish in this connection to acknowledge Mr. 
Landis’ great help in the production of this statement. Particularly did he help 
in determining just how far the Annals could go in literary and scientific discrimi- 
nation and still be of full value to the Society. 

I wish to acknowledge the painstaking work of our Secretary, Mrs. Elizabeth 
A. Davis, whose accounts balance and who has relieved the Editor of the business 
details of this office. 

I wish to comment on the quality of articles submitted to the Annals. They 
have been improving each year. Apparently the Annals is attracting articles 
that are eligible for publication in the leading zoological and physiological 
journals. Excellent articles from younger members are probably due to the very 
broad basic training insisted upon now in the Departments of Entomology of our 
leading schools. The Annals reflects the great advances in the methodology 
of Entomology which have been made in the past fifteen years. 

The financial summary follows: 


RECEIPTS 
From Non-member Subscriptions $ 750.33 
From Sale of Back Numbers .. 9323.46 
From Authors’ Reprints and Etchings 492.57 
Dues received, sent to Hungerford 4 7.00 
Amount Received s+. 91,040.00 


Balance in Bank, January 1, 1934 as 86.19 


Total 





659 .55 
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DISBURSEMENTS 


Engraving.. ; j ..8 493.03 
Stenograp hic Services... . 294.40 
Postage Seah . 129.04 
Paid for Back Numbers... : 17.00 
Work in Aanals Store Room : 10.60 
ee er ee ae rae aad : . 93 
To Spahr and Glenn Co., for Wrappings, Stationery, and June Reprints. . 86.35 
Check sent to Hunge ‘rford .. 3800.00 
Bank Charges ; , , ni 5.42 
$1,343.77 

Check Returned.. s - . es 13.50 
$1,357 27 

Check to Hungerford not deposited... .... 800.00 
Total petro h eatomQadrat — ; : .. » 61,667.27 
Balance in Bank......... ; ae ; 5 eee ew 2.28 
$1 6: 59 55 


Vouchers are submitted herewith. 
Respectfully submitted, 
CLARENCE H. KENNEDY, Managing Editor. 
On motion the report was adopted subject to the approval of the 
Auditing Committee. 


REPORT OF THE TREASURER OF THE THOMAS SAY FOUNDATION 
FoR THE YEAR 1934 


RECEIPTS 
Balance on hand, December 20, 1933 pie popneeatttth elena altace ». +++ $208.32 
Interest on Savings..... ie range ans Secreto a ciate Meteor 5 eal a el 
Received from 1933 Sales........... sees | ae 
1934 Sales of Volume 1 (2 copies) ee ; ee ee 
1934 Sales of Volume 2 (9 copies).... , seers 555 vocne See 
1934 Sales of Volume 3 (6 copies)... i patent eh Kikeees, ee 
Total Receipts.... ER ene TET Ter ee re +6 Sia a ae 
EXPENDITURES 

Payment on Loan to Entomological Society of America eon .. .8200 .02 
Commission to C. C. Thomas for Sale of Five Books a ccna: Ce 
Express and Postage on Volumes Sold - veeewe te 
Miscellaneous Postage....... er See rei ve ae ; cinernn 1.20 
Total Expenditures.......... ee visio: ¥ivioc aad 0 
Balance in Purdue State Bank December 1, "1934 : 6.5 semi: 
$356 24 


There is a balance due the Entomological Society of America of $300.00. 
A total of $9.00 is due the Foundation for one copy of Volume 2 and one copy of 
Volume 3, payment for which has not yet been made. 
Respectfully submitted, 
J. J. Davis, Treasurer. 


On motion the report was accepted subject to the approval of the 
Auditing Committee. 
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REPORT OF THE AUDITING COMMITTEE 
We, the undersigned members of the Committee on Auditing, beg to report 
that we, after careful examination of the books of the Treasurer, the Managing 
Editor of the Annals, and the Treasurer of the Thomas Say Foundation for the 
year 1934, have found them to be correct and properly balanced. 
Respectfully submitted, 
RAYMOND C. OsBuRN, Chairman, 
Howarp O. DEay, 
Pau B. Lawson. 


On motion the report of the Auditing Committee was accepted. 


REPORT OF THE MEMBERSHIP COMMITTEE 
The Membership Committee wishes to report that 63 new members have 
been secured for 1934. Ten of these were secured by Clarence E. Mickel, of the 
University of Minnesota, and the Society is grateful to him for his activity in this 
regard. 
Respectfully submitted, 
D. M. DELonG, Chairman. 


REPORT OF THE NOMINATIONS COMMITTEE 
The undersigned Nominating Committee nominate the following as officers 
for 1935: 
President—C. H. KENNEDY. 
First Vice-President—LEONARD HASEMAN. 
Second Vice-President—W. T. M. ForBes. 
Secretary-Treasurer—H. B. HUNGERFORD. 
Two Members of Executive Committee to Serve until 1937—ALVAH PETERSON AND 
CARL J. DRAKE. 
Editor and Treasurer of the Thomas Say Foundation—J. J. Davis. 
Two Councillors to the American Association for the Advancement of Science—C. L. 
METCALF AND T. J. HEADLEE. 
One Member of Joint Committee on Insect Collections of America, to Serve until 
19387—F. E. Lutz. 
Respectfully submitted, 
Puitip P. CALVERT, Chairman, 
R. E. SNopGRAss, 
C. W. WoopwortTH. 


On motion the report was accepted and the Secretary instructed to 
cast a ballot for the election of the persons nominated. This being 
done, they were duly elected. 


REPORT OF THE JOINT COMMITTEE ON INSECT COLLECTIONS OF 
THE ENTOMOLOGICAL SOCIETY OF AMERICA AND THE 
AMERICAN ASSOCIATION OF ECONOMIC 
ENTOMOLOGISTS 


Heretofore the Entomological Society of America has had a special Committee 
on Insect Collections. At the Boston meeting, December 27-29, 1933, this Society 
and the American Association of Economic Entomologists decided it was desirable 
that the two independent committees on Insect Collections of these two societies 
work in unison and action was taken to bring this into effect. By action of the 
presidents of the two entomological organizations concerned and the membership 
of the two committees representing each society, T. H. Frison was appointed 
Chairman of this Joint Committee. 

It was felt that the data previously gathered and published by these formerly 
separate committees was of sufficient use and importance to warrant again its 
gathering and publication. Since the data on institutional collections has been 
published by the Entomological Society of America it was thought by the Joint 
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Committee that this Society should continue to print the assembled data on insti- 
tutional collections and the American Association of Economic Entomologists that 
on private collections. 

For the sake of uniformity in reporting, a questionnaire was sent out to 
entomologists and entomological centers requesting data similar to that previously 
gathered. Twenty-four reports were submitted in comparison with sixteen 
for 1933. 

The number of reports reflects an increased appreciation of the need of insect 
collections as a fundamental background for many and varied entomological 
activities and studies. Comparison with previous reports published in the Annals 
shows that the insect material in our important collections is accumulating at a 
great rate and that the increase in personnel employed in the identification and 
proper arrangement of this material is not increasing in proper proportion. 

The individual reports to this Committee follow. 

Respectfully submitted, 

J. A. G. REHN, (Entomological Society of America), 

J. H. McDunnovuGu, (Entomological Society of America), 

C. F. W. MuESEBECK, (Entomological Society of America), 

C. P. ALEXANDER, (American Association of Economic Entomologists), 

E. C. Van Dyke, (American Association of Economic Entomologists), 

T. H. Frison, Chairman, (American Association of Economic Entomologists). 


The American Museum of Natural History, New York City: The Museum 
collection of insects and spiders has been enriched during the past year by 
approximately 35,000 specimens. The single gifts of over 1,000 specimens were 
from Mr. E. L. Bell, 8,500 specimens, mostly Lepidoptera; Dr. A. B. Klots, 3,200 
specimens of Lepidoptera (both of the above contain types and paratypes); Mr. 
Donald J. Young, 1,600 specimens of Lepidoptera; Mr. A. S. Pinkus, 1,400 speci- 
mens of all orders, obtained on collecting trips which were personally financed 
by Mr. Pinkus. The major fieid-trip was by Lutz, Bell, Rockefeller and Geier, 
to the Grand Canyon of Arizona. From donations and species described in 
Museum publications the type collection has been enriched by more than 450 
specimens. 

A donation from Mrs. C. V. Riley consisted of 1,162 original wood cuts and 
electrotypes used by Prof. C. V. Riley in his publications. 

FRANK E. Lutz. 

Bernice P. Bishop Museum, Honolulu, Hawaii: Insect collections accessioned 
since December, 1931 (last report): An extensive collection from the Marquesas 
and Society Islands, made by the Pacific Entomological Survey, and reported 
uopn (in part) in Bishop Museum Bulletins 98, 113, 114. Extensive collection, just 
received, collected by E. C. Zimmerman on the ‘‘Mangareva Expedition”’ in the 
Tuamotu, Gambier, Austral, and Society Islands, and Henderson, Pitcairn, Oeno, 
Timoe, and Rapa (all in southeastern Polynesia). Specimens collected by G. P. 
Wilder on Makatea (Tuamotu Islands) and Tahiti; and by Dr. C. H. Edmondson 
in Tahiti. Hawaiian specimens collected by members of Bishop Museum staff 
and others, including E. L. Caum (Kaulu Islet), Owen Bryant (chiefly Diptera 
from Maui), and U. S. Public Health Service, through Dr. C. R. Eskey (numerous 
fleas from rats, mice, mongoose, dogs, and cats). Hawaiian and Wake Island 
Oribatid mites returned identified by Arthur P. Jacot (see Bishop Museum 
Bulletin 121, 1934). 

The Museum’s extensive card catalog of the insects of Pacific Islands has 
been copied, and parts are being sent to specialists on various groups to be added 
to and corrected before their publication as a check-list of the insects of Oceania. 

E. H. Bryan, JR., Curator of Collections. 

Brigham Young University, Provo, Utah: The outstanding addition to the 
Entomological collections during 1984 came through the purchase of the Charles 
W. Leng Weevil collection. Mr. Leng’s collection contained between 1,100 and 
1,200 American and 400 European species, making a collection of 17,000 specimens. 
Mr. Leng’s, Mr. Angell’s types and some of Mr. Dietz’s and Schaeffer's paratypes 
are in the collection. 

Dr. D. Elden Beck, of Dixie College, St. George, Utah, contributed 3,000 
specimens collected during the summer of 1934 in Mexico, between the Mexican 
border and Mexico City. 
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Special collections resulting from faunistic surveys, by University staff mem- 
bers, in the LaSal Mountains and Mt. Timpanogos, Wasatch Mountains, have 
added 6,000 specimens this year. Mr. D. Drew Jorgensen and D. Elmer Johnson, 
graduate students, and Elmo Hardy have added 3,500 specimens to the collection 
during 1934. 

Vasco M. TANNER. 


Bureau of Plant Industry, Pennsylvania Department of Agriculture, Harrisburg, 
Pa.: Approximately 1,000 new specimens were added to the collection this year. 
About 800 separate specimens resulted from faunistic surveys. About 500 speci- 
mens collected in previous years were identified and added to the collection. 

T. L. Guyton, Head Entomologist. 

Canadian National Collection, Ottawa, Canada: The most important additions 
made to the collection since the report last year have resulted from faunal surveys 
carried on by the Entomological Branch. Surveys were undertaken in Nova 
Scotia, in the Mattagami River and Ottawa districts of Ontario, and in southern 
British Columbia. About 10,000 specimens, largely in the orders Lepidoptera, 
Coleoptera, parasitic Hymenoptera, and Ephemeroptera were added to the 
collection which contains at present type material of 3,853 North American species. 

J. M. McDunNouGH. 

Colorado State College of Mechanical Arts (Colorado Agricultural College), 
Fort Collins, Colo.: The collection includes about 170,000 specimens, about 
100,000 of which are determined. The determined material represents about 
9,300 species, distributed as follows: Hemiptera, 639; Homoptera, 1,296; Diptera, 
1,000; Hymenoptera, 1,369; Coleoptera, 2,605; Lepidoptera, 1,605; Orthoptera, 335; 
Odonata, Neuroptera, etc., 100. It has not been the policy of the College to keep 
holotypes or unique types. A few, representing western species, are, however, 
present in the collection. About 467 species of insects are represented in the 
collection by type material, mostly cotypes and paratypes. These are distributed 
as follows: Hemiptera, 33; Homoptera, 258; Diptera, 55; Hymenoptera, 103; 
Coleoptera, 4; Lepidoptera, 5; Orthoptera, 9. These include the Gillette Cynipids 
and cicadellids and the Gillette and Palmer aphids, also species described by 
Knight, Cockerell, Ball, Uhler, Osborn, Jones, James, and others. Acquisitions 
of the past year include about 3,000 specimens which have been added by students 
and members of the staff; in addition to this, the writer’s collection of about 
10,000 specimens, has been added as a loan. During the past year, identifications 
have been made by specialists in various fields, and our butterflies have been 
arranged by F. Martin Brown. 

Maurice T. JAMEs, Curator. 

Illinois State Natural History Survey, Urbana, Ill.: The chief 1934 additions 
to the collections were about 23,000 specimens of leafhoppers, 10,000 specimens of 
miscellaneous insects including a large number of Homoptera, and about 600 vials 
of Plecoptera, Trichoptera and Ephemerida. The slide collection has been 
increased with about 1,000 slides, mostly Mallophaga, Thysanoptera and Siph- 
onaptera. Almost all of these additions are from various localities in Illinois. 

HERBERT H. Ross, Systematic Entomologist. 


Kansas State College, Manhattan, Kansas: The last two years have not 
witnessed any large additions to collections at Kansas State College. There 
has, instead, been the usual normal additions of between 5,000 and 10,000 specimens 
a year. The greater part of the college collection is now in steel cabinets. 

A count of our collection was made in the fall of 1932. The collection then 
with additions for 1933-34 contains 11,402 species represented by 108,482 specimens. 
This includes the private collections on loan of R. H. Painter, D. A. Wilbur, C. W. 
Sabrosky and R. C. Smith. 

The most significant additions of the last year were those made by Prof. 
D. A. Wilbur in connection with his study of grass-feeding insects, and by Mr. 
C. W. Sabrosky, a graduate student studying the Chloropidae. 

ROGER C, SMITH. 

Massachusetts State College, Amherst, Mass.: Merely nominal additions were 
made during 1934. The chief series added to the collection consisted of several 
thousand specimens of insects collected by myself in the Rocky Mountains— 
chiefly in Colorado. Most of these have not yet been determined. 

C. P. ALEXANDER. 
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Montana State College, Bozeman, Montana: Activity here in this matter 
has not been great during the past year, or since we made our last report. A 
considerable number of named specimens have been added to the Diptera and 
Hymenoptera, a few to the families Phalaenidae and Culicidae and to the genus 
Ceuthophilus. 

A. L. StRAND, Head of Entomology Department. 

Museum of Comparative Zoology, Cambridge, Mass.: There were two notable 
accessions during the year. One is the bulk of the unrivaled collection of ants 
of Dr. W. M. Wheeler, comprising about 25 to 30 thousand pinned specimens, 
and many thousands unmounted. Over half, occupying 170 drawers, is now 
transferred to our boxes by Dr. Wheeler’s assistant. The other is the purchase of 
the S. E. Cassino collection of Geometridae. This contains about thirty thousand 
specimens, among which are types or paratypes of about three hundred species. 

Miss Bryant spent over a month in the spring collecting insects and spiders 
in Jamaica, and in August visited the Gaspé region. The Allison Armour Expe- 
dition brought back over 1,500 insects, mostly from the Bahamas. Mr. Carpenter 
spent the summer in the West and gathered several thousand recent insects as 
well as a great amount of fossils. Dr. Darlington has just returned from a four 
months’ trip to Cuba, Jamaica, and Haiti, with fully 15,000 specimens, over 3,000 
of which are Carabidae. Mr. Bates left in June for a year’s trip to the West 
Indies and Central America. Many thousands of specimens are already received. 
By December 1 he had collected over 7,000 moths at light in Panama. He also 
collected in Haiti and the Bahamas. Mr. Loveridge returned in September with 
about 2,000 insects from East Africa, many from Mt. Eldon. Mr. Paige spent 
a month in the spring in central Florida, and from him and E. M. Davis we have 
over 1,000 Odonata and many other insects. Several thousands more have been 
received from numerous donors. By purchase about 3,000 insects and spiders 
from Formosa, and smaller lots from several countries. 

NATHAN BANKS. 


North Dakota Agricultural College, Fargo, N. D.: Collecting of North 
Dakota Orthoptera was stressed this past season. Dr. Morgan Hebard writes 
me that he is determining the specimens. I might also mention that the depart- 
ment of Entomology was recently provided with a cabinet holding fifty-five 
(Cornell) glass-topped trays. They are practically all filled now with transfer 
of specimens from the smaller boxes. 

J. A. MUNRO. 


The Rice Institute, Houston, Texas: The entomological collection of the Rice 
Institute is as follows: Thysanura, 5 specimens; Collembola, 400 specimens; 
Orthoptera, 515 specimens; Isoptera, 300 specimens; Corrodentia, 5 specimens; 
Dermaptera, 27 specimens; Mallophaga, 68 specimens; Anopleura, 141 speci- 
mens; Neuroptera, 78 specimens; Trichoptera, 4 specimens; Homoptera, 145 
specimens; Hemiptera, 373 specimens; Odonata, 229 specimens; Coleoptera, 1,386 
specimens; Mecoptera, 11 specimens; Siphonaptera, 130 specimens; Diptera, 
1,114 specimens; Lepidoptera, 509 specimens; Hymenoptera, 668 specimens. No 
typic material has been retained in this collection. The specimens are housed 
in Schmidt boxes and in cabinets containing glass-topped trays. 

A. STEWART. 

United States National Museum, Washington, D. C.: The approximate number 
of new specimens added to the collections this past year is 154,000. Of these, 
about 118,000 were donated, 35,000 transferred from the Bureau of Entomology to 
the Museum and about 1,200 acquired by purchase. 

The outstanding collections received during the year are two: The Wickham 
collection of Coleoptera comprising 79,000 specimens of recent insects and 3,200 
specimens of fossil insects mostly from Florrisant, Colorado; and the Goding 
collection of Homoptera comprising approximately 5,000 specimens. 

In the past year type material of approximately 700 species has been added 
to the collection. This represents only species of which we did not previously 
possess type material. 


E. A. Cuapin, Curator, Division of Insects. 
University of Alberta, Edmonton, Alberta: The insect collection is organized 
into three series: (a) reference collection of authoritatively named species which 
are known to occur in the province. This collection contains about 4,000 species. 
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(b) a working collection, which consists of about 50,000 specimens of ‘‘local’’ and 
‘“‘foreign”’ origin. Much of this material is, as yet, unnamed. (c) class-room 
collections for instructional purposes. 

These collections are housed in 180 glass-topped boxes, eighteen inches square. 
The working collection is mounted on strips of balsa wood in order to facilitate 
rapid re-arrangement and to allow for expansion. A card catalogue of all species 
which have been recorded from this province is maintained. Additional cards 
accompany that for each species regarding which we have biological or other data. 

No Holotypes are retained in the collection, since it is deemed that they serve 
their purpose better if they are deposited in the Canadian National Collection at 
Ottawa. To date about 30 paratypes are included in the collection here. 

E. H. STRICKLAND. 

Ohio State University, Columbus, Ohio: This year we have added four steel 
cabinets and two hundred drawers similar to those used in the U. S. National 
Museum, as part of our permanent equipment. The major portion of the Herbert 
Osborn collection which contains approximately 75,000 specimens has been 
arranged in these new drawers. The other part of the new equipment has been 
devoted to about one-fourth of the Henry Wenzel collection of Coleoptera. 

The drawers in our other equipment have been refinished and the tray system 
has been used in the re-arrangement of the insects. It is our aim to eventually 
place all of our material in the tray system. At the present time our equipment 
consists of ten steel cases with a total capacity of 500 drawers. 

The insects accumulated by the Ohio Biological Survey have been deposited 
here. Some of the outstanding groups are the Lepidoptera collected and deter- 
mined by Dr. A. W. Lindsey, Orthoptera collected and named by Mr. E. A. 
Thomas, and Hemiptera gathered and named under the direction of Prof. Herbert 
Osborn. 

This year we have received additions from collections made by Dr. R. C. 
Osburn in various parts of the United States and Canada, Prof. Herbert Osborn’s 
captures from Florida, Dr. DeLong’s western material, and J. N. Knull’s insects 
from southern Texas. Aside from these additions a considerable number of 
locally collected insects have been added. 

It is impossible to estimate the number of specimens or species in our col- 
lection at the present time, for insects have accumulated since Prof. J. S. Hine 
was transferred to the Ohio State Archaeological Museum in 1925. The type 
species consist of approximately 465 forms. Most of them are in the Herbert 
Osborn collection of Heteroptera and Homoptera. This year Prof. Osborn has 
added numerous Marquesan and Samoan types. 

In addition to our regular departmental material the following collections 
are available for study at Columbus: R. C. Osburn collection of Syrphidae; J. S. 
Hine collection of Diptera; D. M. DeLong collection of Homoptera; C. H. 
Kennedy collection of Hymenoptera; E. A. Thomas collection of Orthoptera; 
J. N. Knull collection of Coleoptera. J. N. KNuLL, Curator. 


Oregon State Agricultural College, Corvallis, Oregon: The private collection 
of H. A. Scullen, consisting of 70,000-100,000 insects mostly from Oregon, has 
been turned over to the department collection. This collection contains about 
500 to 1,000 types other than holotypes. In addition to this the regular collection 
contains 6,000 species represented by 37,174 specimens and 170 types. Diptera, 
5,000 specimens; Hymenoptera, 10,000 specimens, and Coleoptera, 13,000 specimens 
are the better represented orders. H. A. SCULLEN. 


The Francis Huntington Snow Entomological Museum, Lawrence, Kansas: 
During 1934 additions of exotic material have been made from South America, 
Mexico, Arabia and Russia. The additions of North American insects are as 
follows: Determined specimens, 4,063, representing 408 species, of which 261 
species were new to the collection and 41 of them type species new to science. 

Doctor Beamer and his party, including two graduate students, made a 6,000 
mile automobile trip through the southeastern and eastern United States and 
spent considerable time in the Okefenokee swamp of Georgia. Mr. Milton Sander- 
son collected through the northeastern states and visited type localities to collect 
Coleoptera. H. B. Hungerford and Harold Peters collected in Michigan. About 
30,000 undetermined specimens were secured by these activities. 

H. B. HUNGERFORD, Curator. 
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University of Minnesota, St. Paul, Minn.: Approximately 41,000 insect speci- 
mens have been added to the collection during the past year. The most important 
gift was that of 10,500 specimens of Lepidoptera and Coleoptera given to the 
collection by Mr. C. N. Ainslie, of Sioux City, Iowa. Many of these specimens 
were collected in the State of Minnesota during the days of Mr. Ainslie’s early 
collecting. Other gifts included 1,000 specimens of Chinese mosquitoes, 1,200 
specimens of Costa Rican insects, 3,000 specimens of Mutillidae from Southern 
California, and 12,000 specimens of Minnesota insects, which were given to the 
collection by the Zoology Department of the University of Minnesota. Fifteen 
hundred specimens of determined European insects were purchased from Dr. 
Charles Sajo, and approximately 1,300 specimens of determined Mutillidae were 
added to the collection, in return for determinations made for various institutions 
and collectors. The collection of alcoholic material has been entirely renovated, 
arranged and housed in new equipment. The same is true for the microscopic 
slide collection. The most important lots of determined material returned to 
the collection during the year were 1,300 specimens of Orthoptera, 1,800 specimens 
of Trypetidae, the entire collection of Ephemeridae, 300 specimens of Minnesota 
spiders, and the bees of the genus Nomia. 

CLARENCE E. MICKEL. 

University of Missouri, Columbia, Mo.: The Department of Entomology, 
University of Missouri, during the year has definitely launched upon a systematic 
entomological survey of the State. By enlisting the co-operation of other ento- 
mologists and amateur collectors combined with field surveys which our Extension 
Division is called upon to make, we are already making some headway. The 
large group of men interested in insect taxonomy associated with the St. Louis 
Academy of Science, together with the similar members of the newly organized 
State Academy of Science, will be of immense aid to us in this work. 

The first of a series of donations from the private collection of Dr. Edwin P. 
Meiners, of St. Louis, Mo., has been added to the department collection during 
the year. 

We have also begun to transfer the old material in the collection and all new 
incoming material from the wooden block mounts to the unit box mounts. 

L. HASEMAN. 


University of Nebraska, Lincoln, Neb.: During the course of the year approxi- 
mately 1,500 new specimens were added to the collection through local special 
collecting within the state. This includes collections resulting from faunistic 
surveys. The insect collection of the late Dr. R. H. Wolcott, Chairman of the 
Department of Zoology at the University of Nebraska, who died January 23, 1934, 
was purchased by the University from his estate last spring, and added approxi- 
mately 20,000 specimens of insects to the University collection. The orders 
dominantly represented in the Wolcott collection were the Coleoptera and the 
Lepidoptera. Its addition brings the Department collection of insects to 
approximately 350,000 pinned specimens. This collection is chiefly Nebraska 
material, but contains a large number of specimens from elsewhere in North 
America, as well as a rich representation of the insect fauna of Mexico, Costa 
Rica, Argentine and the Philippine Islands, secured by Professor Bruner in those 
countries between 1890 and 1915. The Bruner collection of Orthoptera, in which 
all of the world faunae are represented, is also housed at the University of 
Nebraska. Myron H. SWENK. 


Utah State Agricultural College, Logan, Utah: During the past season 
approximately 2,000 mosquitoes and 1,000 other blood-sucking Diptera have been 
added to the Utah Agricultural Experiment Station insect collection. In addition, 
about 3,500 specimens of miscellaneous orders have been pinned for the collection. 
Approximately 95 per cent of the material in this collection has been taken in 
Utah. A special collection of Orthoptera consists of approximately 10,000 
specimens, nearly all of which have been named, arranged, and numbered to 
correspond with the ecological notes in the files, by Dr. W. W. Henderson. About 
80 per cent of the Station pinned collection is now in the tray system, in glass- 
topped drawers; the remainder is in Schmidt boxes. Several hundred slides of 
Utah and Idaho specimens were added to the Knowlton aphid collection during 
the year. Dr. J. S. Stanford is building up a collection of bird and mammal 
ectoparasites. G. F. KNOWLTON. 
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San Diego Society of Natural History, San Diego, California: As the insect 
collections of this Society have not hitherto been reported, the present note will 
include general information instead of additions during the past year. The total 
number of specimens in all orders is estimated at 165,000. This includes the 
William S. Wright collection of Lepidoptera of about 30,000 specimens donated in 
1924, the Ian Moore collection of Coleoptera of about 30,000 specimens donated 
in 1933, the George H. Field collection of Coleoptera and Lepidoptera of about 
25,000 specimens donated in 1934, and the C. C. Searl collection of Hemiptera of 
about 11,000 specimens donated in 1927. The balance has resulted from field work 
by members of the Society's staff and from miscellaneous donations. At present 
the collection contains 24 types (Holotypes and Allotypes). The collections are 
housed in eighty uniform wooden cabinets, which hold thirteen drawers each. 

Ciinton G. ABsort, Director. 

Mississippi State College, State College, Mississippi: Determined species of 
insects and mites in Mississippi State College Collection total 3,914 species. 

Ciay LYLE. 


REPORT OF THE COMMITTEE ON RESOLUTIONS 


Your committee submits the following resolutions: 

1. That the Entomological Society of America express its great obligation 
to Doctor A. AviNorFr, chairman of the local committee, for the very efficient 
arrangements for the meeting and the accompanying exhibits. 

2. That the Society express its appreciation to its officers, particularly 
to Doctor C. L. Metcatr and Doctor H. B. HUNGERFORD, and to the several 
speakers for the excellent program presented. 

3. That the Society express thanks to the management of the William Penn 
Hotel for the accommodations provided for its meetings. 

4. That, WHEREAS, a revised glossary of entomological terms is greatly 
needed, be it Resolved, that the Society ask its retiring President to appoint a 
committee of three to make a preliminary study of this project, reporting its 
findings at the next annual meeting. 

5. WHEREAS, there is now a tremendous burden of insect determinations 
being placed upon a limited number of federal and state entomologists engaged in 
systematic research, and 

WHEREAS, expeditious determinations of insects are still greatly impeded by 
the lack of revisional papers, synopses, catalogs and comprehensive literature, and 

WHEREAS, much of the preparation of larger and more generally useful 
systematic publications is possible only by the efforts of those systematists now 
compelled by necessity to devote most of their time to routine determinations, 

Therefore be it Resolved, by the Entomological Society of America that its 
membership strive to exert its influence to limit requests for determinations of 
insects as much as possible to those specimens for which there is a real necessity 
for names so that the preparation of needed revisional and comprehensive publica- 
tions will not be unduly retarded. 

Respectfully submitted, 
LEONARD HASEMAN, Chairman, 
N. E. McINpboo, 
CORNELIUS BETTEN. 


REPORT OF THE SPECIAL COMMITTEE FOR INVESTIGATION OF 
REORGANIZATION OF ENTOMOLOGICAL RESEARCH IN 
THE FEDERAL GOVERNMENT 
Mr. J. S. Houser presented a report of this committee. The report was filed 
with the Secretary. 
REPORT OF THE COMMITTEE ON INTERNATIONAL 
ORGANIZATION OF ZOOLOGISTS 


Following the instructions of the Society at its Boston Meeting, Doctor 
Bradley sent copies of the 1933 report which were distributed at the Pittsburgh 
Meeting. 
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Doctor FrANK E. Lutz, representative to the National Research Council, 
sent a brief report in which he stated that he had attended several meetings of 
the National Research Council. Little of distinctly entomological interest came 
up. Several projects having an indirect connection with entomology were given 
favorable consideration including financial support for PRoFEssOR NEEDHAM’S 
project of publishing a compendium of methods of keeping live material. 

Doctor J. CHESTER BRADLEY reported that, in accordance with instructions 
of the Society at the Boston Meeting, he had asked Mr. L. H. WELD to assist 
him in perfecting plans for the International Entomologists’ Congress to be held 
in Madrid in September, 1935. If any extensive excursion is made, it is probable 
that it will include a trip down the Danube, through the Balkans, Turkey, Greece, 
Spain, Portugal, and, perhaps, Morocco. 

Upon the recommendation of the Resolutions Committee, the Society 
authorized the retiring President to appoint a committee of three to make a 
preliminary study of needs and methods of revision of Smith’s glossary. 

The Society also authorized the retiring President to appoint a Joint Com- 
mittee after conference with the nominations committee of American Association 
of Economic Entomologists. 


President Metcalf appointed the following Members on the 
“Committee on Advancement of Official Entomology”: Dr. E. F. 
Phillips, chairman, Dr. T. J. Headlee, and Dr. W. E. Britton. 


The following Members were appointed on the “Committee to 
Consider a Revision of Smith’s Glossary”: Dr. W. P. Hayes, Dr. B. B. 
Fulton, and Philip P. Calvert, Chairman. 


Following the transaction of the above business the meeting 
adjourned. 

The exhibits which pertained largely to the Symposium were of 
unusual interest. 

For a report of Summer Meeting in California, see Science, July 20, 
1934. 

Respectfully submitted, 
H. B. HUNGERFORD, Secretary. 


FIELD BOOK OF INSECTS, by Frank E. Lutz. Third Edition, 1935. pp. 1-510 
with 100 plates, 22 of which are in color. G. P. Putman’s Sons, 2 West 
45th St., New York City. Price $3.50. 

The sustained popularity of the Field Book of Insects, since it appeared in 
1918, is indicated by this, the third edition. It has always been the text most 
popular with beginners and amateurs; so very popular that we have had to keep 
our copy secreted to compel beginning students to dig their entomology out of 
the more technical treatises. Perhaps this is perverted pedagogy but when 
teaching becomes too pleasant for student and teacher we worry lest we may not 
be earning our wages. 

About 600 species are illustrated in which lies the main value of the work. 
These are carefully chosen for their commonness or specific interest. The major 
families of each order are treated broadly while in the larger orders one family 
of each is treated in more detail. Because of limitation to the space of 500 pages 
the third edition is improved, not by additions, but by stepping the volume up to 
current knowledge of the forms treated and by a revision of the introductory 
twenty-five pages. It is the same popular and useful volume and it is dedicated 
“To You.’’—C. H. K. 











BOOK NOTICES 


A MANUAL OF DRAWING FOR SCIENCE STUDENTS, by Justus F. 
MUELLER. pp. i-xiii and 1-122, 90 text figures. Farrar & Rinehart, Inc., 
232 Madison Ave., New York City. Price, $1.75. 

This simple volume is the best introduction to a knowledge of the principles 
and methods of scientific illustration that we have found. It gives page after 
page of the tricks of the trade, simple but effective methods that usually have 
been handed down by word of mouth from one draughtsman to the next. The 
subject is dealt with in seven well illustrated chapters as follows: I, General 
Principles of Freehand Drawing; II, Further Considerations on Drawing; III, 
Perspective; IV, Projection; V, Light and Shade; VI, Optical and Mechanical 
Aids, and VII, Drawing for Reproduction. 

During the latter part of the last century morphological biology was in the 
ascendency. Some ability in drawing was considered necessary for all biologists. 
In those days many who were later leading zoologists first called attention to 
their wares by skill in the illustration of their published articles. With the rise 
of physiology and the experimental approach men began to enter freely who had 
little skill in drawing. The rise of genetics brought in more men who had little 
need for drawing until ten or fifteen years ago biologists could be found who ‘‘would 
not waste their time in the mere skilled labor of drawing.’’ The draughtsmen 
smiled and thought, ‘‘Inferiority complex.’’ However, good illustrations are 
coming back. They have found their proper place as certain types of articles 
are only at their best when properly illustrated. 

This little book gives the beginner the simple principles of correct drawing 
and illustrates them with a remarkably well chosen series of examples. It is 
concise, unusually well organized and its printing and binding are a credit to the 
publisher.—C. H. K. 


MANUAL OF MYIOLOGY, PART I, by C. H. T. Townsenp. Published by 
Charles Townsend & Filhos, Itaquaquecetuba, Sao Paulo, Brasil, 1934. 
Purchaser agrees to take 12 parts making up manual, of which Part I is now 
available at $2.50 U. S. 

Students of diptera specializing particularly in problems of internal or external 
anatomy, metamorphosis, physiology, cytology or embryology, should find Part I 
of this work a valuable and suggestive adjunct to their researches. Eleven parts 
of the work to follow are to deal with keys and diagnostic characters of 2,500 or 
more world genera, habits, palentological relations, distribution, ecology and 
control of deleterious forms. This is the product of forty-five years’ labor 
collecting, rearing, dissecting and studying habits of diptera in many parts of 
the world. 

Part I has one illustration and 273 pages of well-printed text on low grade 
paper. It is divided into convenient sections with many subheadings and includes 
a general introduction and index. 

Sections III, IV, VI, VII, and VIII discuss the internal and external anatomy 
of maggot, pupa, preimago and adult fly. The cephalo- and exoskeletal, muscular, 
vascular, neurosensory, alimento-excretory, respiratory, circulatory, adipose and 
reproductive systems are described and discussed for each of the stages. Other 
topics consist of maggot classes, literature on reproductive systems, female 
reproductive system groups with identifying key, wing derivation and venation, 
sense organs and key to secondary sexual characters. Section V discusses changes 
during metamorphosis. Section IX presents an account of all activities con- 
nected with the intensive investigation of diptera from all points of view, including 
materials and methods taken from the author’s experience.—B. J. L. 
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DIE LEBENSGEWOHNHEITEN UND INSTINKTE DER STAATEN- 
BILDENDEN INSEKTEN, by Doctor FRANz Matpi, Custodian Natural 
History Museum, Vienna. pp. 1-823, 90 text figs. Published by Fritz 
Wagner, Vienna, Austria. Price, $18.00, paper bound, RM 48.20; linen, 
RM 48. 

This is an editorial correction and apology. In the ANNALS 27 (3): 467, 1934, 
we gave a notice of this comprehensive work in which we pointed out the lack 
of a table of contents. The work was advertised as appearing in twelve Liferungen. 
We saw eleven of these and inferred that with the text properly summed up in the 
twelfth that there would be little room for even indices, a legitimate inference. 
Since the above notice was published a Liferung 13 has been added to the volume 

carrying: (1) A very complete bibliography of twenty-nine pages; (2) A table of 

contents of nine pages; and (3) An index of species and genera, sixteen pages of two 
columns each. Further with Liferung 13 came a seven-page table of contents. 

Thus are corrected the faults of which we complained. It is a magnificent sum- 

mary of our knowledge on this subject.—C. H. K. 


THE DERMAPTERA AND oe OF ILLINOIS, by MorcGan 
HEBARD. Vol. XX, Art. III, Bulletin Ill. Nat. Hist. Survey. pp. 125-279. 
Frontispiece and 127 text figures. November, 1934. 

This is one of the series of monographic articles on the insect fauna of Illinois 
being published by the Illinois Natural History Survey. The field work on which 
this is based was thoroughly planned with regard to the ecology of Illinois. Each 
type of habitat was collected over at various seasons. Collections were made in 
three hundred localities picked for the ecological situation in each case. The 
material was then worked over by Mr. Morgan Hebard, of Philadelphia, one of 
our leading orthopterists. 

Pages 125-140 cover the ecology of Illinois and the localities studied. This 
is followed by two pages of glossary, then five plates of specific details of species. 
The systematic portion occupies pages 151-259. At the end is a Bibliography of 
six pages, an Appendix on Grasshopper Control and an Index to Subfamilies, 
Genera and Species. It is a comprehensive and well done piece of systematic 
work.—C. H. K. 


THE STONEFLIES, OR PLECOPTERA OF ILLINOIS, by THEoporE H. 
Frison. Vol. XX, Art. IV, Bulletin Ill. Nat. Hist. Survey. pp. 281-471. 
Frontispiece and 344 text figures. January, 1935. 

This is the report on one of Director Frison’s pet projects, who with his staff 
has worked on Illinois stoneflies for several years. The work has been of especial 
interest because the first important study of American stoneflies was made by 
Benjamin D. Walsh at Rock Island, Illinois, on which he published in 1862. 

Pages 281-307 are devoted to distribution, ecology, structure and methods 
of collecting. A new classification of the Plecoptera of North America is 
proposed as follows: Holognatha; Pteronarcidae, Peltoperlidae, Taeniopterygidae, 
Nemouridae, Leuctridae, Capniidae. Systellognatha; Perlidae, Perlodidae, 
Chloroperlidae. 

This arrangement fits structure of nymphs and adults and species habits 
together better than have previous classifications. 

The systematic part of the work opens with fourteen plates of parts of nymphs 
and adults. It is further illustrated with many full page drawings of nymphs. 
The author was very successful in rearing nymphs so that the volume is very full 
as regards all stages of each of the thirty-six species listed for Illinois. Knowing 
the author’s worship of types and his keen interest in final and perfect identification 
we can be assured that the work is dependable. 

In this monograph of Illinois stoneflies Doctor Frison has given Ame rican 
staffs of natural history a model in its fine illustrations, excellent printer’s work 
and fundamental scientific soundness. It is the type of publication a systematist 
dreams of doing some time in his own group.—C. H. K. 





